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ABSTRACTS
Variations of chemical composition of matrices among carbonaceous chondrites. K.  Abe', 
N.  Sakamoto2, H. Kojima3, A. N. Krot4 and H.  Yurimoto1.2.  1Department of Natural History 
Sciences, Hokkaido University, Sapporo 060-0810, JAPAN. E-mail:  abeken@ep.sci. 
hokudai.ac.jp,  2Isotope Imaging Laboratory, Creative Research Institution Sousei, Hokkaido 
University, Sapporo, 001-0021, JAPAN,  'Antarctic Meteorite Research Center, National 
Institute of Polar Research, Itabashi, Tokyo 173-8515, JAPAN,  4Hawai'i Institute of 
Geophysics and Planetology, School of Ocean and Earth Science and Technology, University 
of Hawai'i at Manoa, Honolulu, HI 96822, USA.
Introduction: 
   Acfer 094,  classifed in ungrouped carbonaceous 
chondrite, is believed to one of the most primitive 
meteorites. This meteorite contains highly abundance 
of presolar grains  [1] and cosmic symplectite (COS) 
[2] in the matrix (Fig.  I  ). The COS has not been 
discovered in other carbonaceous chondrite [3]. The 
uniqueness of Acfer 094 may be appeared in 
chemical characteristics of the matrix. In this  report, 
we observed variations of chemical composition of 
fine grains  (<—[tm) in matrices of various 
carbonaceous chondrites to compare with Acfer 094. 
Expermental: 
   We prepared polished thin section of 21 
carbonaceous chondrite in this study: C-ung.: Acfer 
094; CI: Orgueil, Y-980115,  Y-980134; CM: 
Murchison, Y-980050, Y-980070, Y-980085, 
Y-980086, Y-980093,  Y-980094; CV: Allende, 
Vigarano, Y-980010, Y-980011; CR: Acfer 209, 
NWA 530, Renazzo; CO: ALHA77307, Colony, 
Y-81025. The matrices were analyzed by X-ray 
elemental mapping  usint2, an  energy dispersive X-ray 
spectrometer (EDS, Oxford INCA Energy) attached 
on a field-emission type scanning electron 
microprobe (FE-SEM, JEOL JSM-7000F). X-ray 
elemental maps of C,  0, Na,  Mg,  Al,  Si,  P,  S, Ca,  Cr, 
Fe, and Ni were prepared for one or two regions of 
45 x 60  i_tm- matrix area for each thin section. The 
X-ray maps were acquired by  15 kV electron probe 
with  10nA beam current  and composed by of 0.2  [tm 
pixels, but the spatial resolution of  the X-ray maps is 
about 1  j_trn due to the electron beam  broadening, in 
the thin sections. The measurement time for each 
pixel was about 0.5 s. Calculations of chemical 
compositions from X-ray  spectra were performed by 
a commercial application  "INCA Quant  map". A 
value having the greatest number of pixel defined 
average value of matrix. 
Results and Discussion: 
    Al, S and Ca contents of fine-grained matrix 
minerals less than  —ftm  are highly variable in average 
composition  among, the carbonaceous chondrite 
groups (Fig. 2). The Acfer 094 matrix has ratios of 
 S/Al (-2.5) and  Ca/Al (-1.5), whereas matrices of 
most chondrite groups have lesser ratios comparing 
with those of Acfer 094. Most of matrices grains of
CV 
than
chondrites excepting for Vigarano are bigger  
1  lam and  Ca/Al ratios are close to olivine value.
 Fig.  I. Back scattered electron  image of Acfer 094 matrix. 
Arrows indicate cosmic symplectite  (COS)  gains.
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 S/A1 ratios of CM chondrites are comparable with 
those of Acfer 094, but the  Ca/A1 ratios are much 
smaller than those of Acfer 094. On the other hand, 
 Ca/Al ratios of CR chondrites are comparable with 
those of Acfer 094, but the  S/A1 ratios are smaller. 
Therefore, distinctive chemical characteristics for Al, 
S and Ca contents are appeared in Acfer 094 matrix 
comparing with other carbonaceous chondrites, 
although bulk composition of Acfer 094 is similar to 
CM chondrite [4, 5]. Because dark inclusions of 
Acfer 094 show smaller ratios of  S/Al and  Ca/Al 
than the matrix, the variations of Al, S and Ca 
compositions may result from micro scale elemental 
redistribution by aqueous and thermal metamorphism 
(Fig.3). This approach may be useful to classification 
of chondrite matrix to identify the pristine nature.
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 Fig.  3. Back scattered electron  image, S and Ca X-ray elemental maps of Acfer 094. Upper images are 
 -normal" matrix area and  lower  imaues show  highly altered dark inclusion area. S and Ca contents are 
lower in dark inclusions than in normal matrix.
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Evolution of a little L-chondritic body: NIPR L-chondrites Yamato-74191, Yamato-
74355, Yamato-790957, and Allan Hills-769 compared with the Hungarian L-chondrites 
 Mezomadaras, Knyahinya andMks. Sz.  Berczil, (bercziszani@ludens.elte.hu), I. Gyollai 
J. Midi, A.  Gucsik2, Sz.  Nagyl.lEotvos University, Faculty of Science, Institute of Physics, 
Dept. Materials Physics,  H-1117 Budapest,  Pazmany P. s.  1/a, Hungary, 2Max Planck 
Institute for Chemistry, Dept. of Geochemistry, Joh.-J. Becherweg 27, D-55128, Mainz, 
Germany.
Introduction. 
 In our earlier study we described the petrography 
and Micro-Raman Spectroscopy of Hungarian L-
chondrites  [1.21. In this study we would like 
compare the petrography of the L-chondrites of the 
Japanese NIPR thin section set and the Hungarian 
L-chondrites. 
 We investigated two processes in a series of the 
Hungarian and Antarctic L-chondritcs: shock and 
thermal metamorphism. Thermal metamorphism 
transforms the textures in the relatively small 
chondritic planetary body.  ]31 Shock 
metamorphism is caused by hypervelocity impact 
processes transforming texture and mineral 
structure mainly in the outermost layers of the 
chondritic planetary body  141. The purpose of this 
optical microscopic study is to indentify the degree 
of thermal metamorphism and stages of shock 
metamorphism in the selected Hungarian and 
Antarctic  meteorites, which have not been 
described well, up to date. 
Samples and Experimental Procedure 
 The mineral assemblages and textures were 
characterized with a Nikon Eclipse LV  I OOPOL 
optical microscope using plane-and cross polarized 
light (at the  Eotvos  Lorind University of Budapest. 
Hungary). Knyahinya and  Wes sample were 
prepared with 35 pm in thickness. As the thin 
sections of Antarctic meteorites in this collection 
were thinner, than 30  pm 
Results and Discussion
Thermal metamorphism
L3 
  The Yamato-74191 L chondrite 3.7 petrologic 
type, same as  Mezomadaras chondrite.  [5] The 
thermal metamorphism was lower grade (bw. 100° 
and 200°), that is the reason of the inhomogeneity 
of the chemistry of  minerals, and also the 
dissolution of orthopyroxene and clinopyroxene 
observed in the sample. The boundary of 
chondrules in  Yamato-74191 is more faded, than in 
 Mezomadaras  sample, which implies, that thermal 
metamorphism (and diffusional equilibration) 
started. In comparison of  Yamato-74191, in the 
 Mezomadaras sample the matrix is partly 
crystallized, in the vicinity of the fine-grained 
materials larger mineral-fragments can be seen.
While in  Mezomadaras sample there are a lot of 
 micro-chondrules, and there are larger chondrules 
in smaller number, in Yamato-74191 the bigger 
chondrules are  typical, and there are a lot of 
chondrule-fragments. 
  In the  Mezomadaras matrix, between the visible 
mineral grains there are fine-grained metal-sulfides 
and silicates. In  Yamato-74191 there are a lot of 
porphyritic chondrules with mechanical twinned 
 pyroxenes, in this aspect Yamato sample is similar 
to  Mezomadaras sample. While in  Mezomadaras 
the chondrules show rounded shape, in  Yamato-
74191 the shape and size of chondrules are variable. 
and there are a lot of fragments of chondrules and 
phenocrystals. In Yamato sample  pigments of iron 
oxide in a few millimeter size were observed. Near 
the opaque grains in some olivines mosaicism and 
deformation lamellae appear.
L4 
  In Yamato-74355 (L4) chondrite is greater 
grade the thermal metamorphism, there are smaller 
number of  chondrules. than L3  (Yamato-74191 and 
 Mezomadaras sample), and the boundaries of 
chondrules are more smoothed. In spite of 
chondrule-type  L3, the chondrules are not  rounded, 
 but also having irregular shape due to deformation 
of chondrules by formation in solar nebula. The 
chondrules start break down, but sometimes show 
sharp boundaries. The groundmass is partly 
 crystallized, but the olivines are zoned due to non-
equilibrium reactions. The chondrules are common 
fragmented with showing porphyritic and granular 
texture. In this sample (L4) are higher range of 
olivine. than in L3-type samples  (Mezomadaras and 
 Yamato-74191), there are commonly in porphyritic 
 chondrules.
L5 
  The Yamato-790957 is strongly brecciated, 
here are a small number of chondrules, in 
groundmass are a large number of mineral-
fragments (size 30-100 the whole sample has 
pophyritic texture. In spite of Knyahinya sample the 
radial chondrules are rare, and they are 
recrystallized. The phenocrystals in  groundmass are 
strongly fractured; the boundaries of chondrule are 
more smoothed, than in the other L5 chondrite, 
Knyahinya sample. Both in Knyahinya and 
Yamato-790957 sample the chondrules have 
elliptical  shape, and diffuse boundary. The biggest
3
chondrule in Yamato-790957 are just a fragment 
too (2mm long, 0,8 mm width), but this is 
interesting, including inclusions. The range of 
opaque particles is high in the groundmass. Both in 
Knyahinya and Yamato790957 are the poicilitic 
and granular-textured chondrules appear, wherein 
the pyroxenes have pillar shape. In the mineral 
grains are opaque veins. Some pyroxene are 
mechanically twinned.
L6 
  In Allan Hills-769 are more chondrules, than in 
the  Mocs (L5) andYamato-790957. Both in Allan 
Hills-769 and  Mocs sample are the groundmass 
recrystallized, but this is difference, that the 
chondrules in Allan Hills-769, and they are better 
preserved, as in  Mocs sample, which have 
commonly radial and barred texture. Both in 
Yamato-769 and  Wes sample are the groundmass 
is whole recrystallized, but the shape and size of 
grains are variable. In the larger grains (100-120 
 pm) are with opaque veins fractured, and the 
greater range of chondrules are built up olivines.
Shock metamorphism 
 In  Mezomadaras and  Yamato-74191 sample is 
lower grade shock metamorphism, in pyroxene was 
observed mechanical twinned pyroxene. But in 
 Yamato-74191 was more usual mechanical 
twinning of pyroxenes, as in  Mezamadaras and 
Knyahinya sample. We observed that minerals with 
mechanical twins exhibit less interference color, 
compared to the non-shocked minerals, especially 
pyroxene. It is important to note that, the 
mechanical twins were difficult to describe, only 
the direction of the deformation was determined.
Deformation twin lamellae and weak mosaicism 
was observed in Knyahinya and Allan-Hills 769 
sample. Allan Hills and  Mocs sample are highly 
fractured, presence shock veins. But the  Wes 
sample higher shocked, than Allan-Hills 769. In 
 Mocs sample was observed wide variety of 
phenomenas of shock metamorphism in some 
olivines: strong  mosaicism, deformation 
microstructure, planar deformation fractures, which.
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Studies on petrography and shock stage of  Nyirabrany LL5-chondrite from Hungary. Sz. 
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 Introduction: The  Nyirdbrdny meteorite is a 
LL5-type  chondrite, which fell in  1914,  Hajdti-
Bihar county, Hungary  [  1  1. The meteorite was first 
investigated by  Sztrokay et al [2]. They  concluded, 
that it has mineral composition with 58.5  %  olivine, 
25%  pyroxene.  2,5C/1 plagioclase and some glass 
and pigeonite. Besides these phases there are 
opaque minerals, which consist of homogenous 
chromite and  troilite, but the iron is very 
 inhomogeneous in Ni-content  [3].  Kubovics et al 
 131 reinvestigated the  Nyirdbrdny with  EM  PA and 
they described optical zoning of  clinopyroxene. 
They concluded the highly different ..metamorphic 
grade" of this sample.  Berczi et al  [4] concluded 
that the texture is very similar to that of Knyahinya. 
but the rims of chondrules are strongly blurred by 
diffusion. The purpose of this optical microscopic 
study is to indentify the degree of thermal 
metamorphism and stage of the shock 
metamorphism in the  Nyirdbrany LL5 chondrite, 
which has not been described as well, up to date. 
 Samples and Experimental Procedure: The 
mineral assemblages and textures of  Nyinibrany 
were characterized with a Nikon Eclipse 
 LV  I OOPOL optical microscope using plane- and 
cross polarized light modes (at  Eotvos  Lordnd 
University of Budapest. Hungary). The  Nyirdbrdny 
sample was prepared with 35 pm in thickness. 
 Observation:  Nyirdbrdny sample is a brecciated 
material; consisting of lithic  clasts, chondrule-
fragments,  mineral-fragments, matrix-bundles and 
troilite patches. Because of thermal metamorphism, 
not only the boundary of  chondrules,  but the 
minerals inside chondrules were also degraded. [Fig. 
 A/2] Chondrules have mostly elliptical shapes. the 
chondrule-forming minerals are cut  through by 
opaque veins. Some minerals are shocked: olivines 
show strong mosaicism [Fig. 1.  D17,81. there are 
planar fractures (PFs) and mechanical twins in 
pyroxenes [Fig.  1.  E/9]. Glassy chondrules have a 
well-crystallized rim. The matrix consists of fine-
grained material, and some greater phenocrysts 
contain fine-grained minerals in their fractures and 
cleavage-plains [Fig.  1.  F/10]. The compositional 
mode of phenocrysts is  70% olivine.  30c4  pyroxene, 
and there is some feldspar in the sample. too. The 
frequency of occurrence of the textural types of 
chondrules is the following: 70  %  porphyritic, the 
others (barred, granular, radial and poikilitic) give 
the remaining 30  Y. The inner portion of the 
greater chondrules (in size 1-1.5 mm) are strongly
altered, in the porphyritic chondrules the minerals 
altered to fine-grained material. [Fig.  I. A/2]. 
 The glassy chondrules are smaller (300-500 pm), 
their boundary is recrystallized. While the 
porphyritic chondrules are  strongly altered, the 
barred chondrules are altered in a lower rate. 
 The boundaries of some barred chondrules are 
sharp. inside these chondrules the ratio of the 
groundmass is small, as compared to the composing 
minerals. These chondrules commonly consist of 
lath-shaped olivines [Fig. 1.  A/1]. These olivines 
are also zoned. The barred chondrules are generally 
larger  (1-1,5 mm). [Fig.  1.  C/6] than the other 
chondrule types but sometimes smaller barred 
chondrules (300-500 pm) also occur. 
 In the poikilitic chondrules the pyroxenes 
transformed into pin-shaped  crystal-aggregates,  but 
the rims of olivines are sharp (they did not altered 
yet). [Fig.  I.  E] 
 In our  Nyfrdbrdny sample there are great troilite 
grains  (0,8-1,2  mm), and there are  matrix-bundles, 
their size is between 70 and 200 pm. These matrix-
bundles occur around blurry-rim-chondrules. too.
 Comparison of  Nyirabrany with Knyahinya 
and  Meztimadaras: Comparing the 
groundmass/chondrule ratio in  Nyfrabrdny to that of 
in Knyahinya, in our  NyIrdbrdny sample the 
quantity of the groundmass is far more greater. 
Comparing the  matrix-bundles content in 
 Nyfrdbrdny to that of in  Mezomadaras, the matrix-
bundles are present in greater number in our 
 Nyirdbrdny sample than in  Mez6madaras. The lithic 
clasts of  Nyirdbrdny have porphyritic and granular 
t xture. 
 The alteration rate of chondrules is very variable: 
there are chondrules with well-crystallized rim, and 
other rims are blurry and sometimes the minerals 
inside chondrules are also altered. This is more 
variant in  Nyfrabrdny, than in Knyahinya. 
 Shock stage of  Nyirabrany: Strong mosaicism in 
olivine suggests S5 shock stage, according to the 
 Stoffler scale [Fig.  1.  D/7-8.]. 
 Acknowledgments: We are grateful to Professor 
 Csaba  Szabo for advices by petrography, and to 
LRG  (Eatvos University) and MAFI for assistance 
with the analytical instruments. 
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Fig. 1. Photomicrographs of  Nyfrabrany (LL5) chondrite in transmitted light with crossed polars. (Made in 
MAFI, Budapest, Hungary). A: 1. barred olivine-chondrule, 2. porphyritic chondrule with lath shaped olivines. 
B: 3. brecciated pyroxene chondrule, 4. poikilitic chondrule, 5. deformation twin features in olivine. C: zoned 
olivine-chondrule. D: 7-8. Strong mosaicism in olivine (suggests S5 shock stage according to the  Stoffler scale) 
E: Mechanic twinned pyroxene in a poikilitic chondrule. F: 10. Porphyritic olivine-chondrule.
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Introduction: 
    We are  characterizing the spectroscopic 
features of both whole rock and mineral separates 
from the  lherzolitic  sher2ottite  Y-984028, in order to 
place them in the  mineralogic context we have 
established  through previous studies of other SNC 
meteorites. Our results will provide  insights into 
Martian differentiation processes and improve our 
understanding of the spectroscopic features of  Fe'. in 
key minerals and facilitate recognition and 
interpretation of similar spectroscopic  signatures in 
remotely-sensed data from Mars. 
Background and Methodology: 
    We received two samples of the meteorite for 
study: one from the  interior,  Y984028,45 (64 mg). 
and one from the exterior including fusion crust, 
 Y984025.74  (87  mg.). A carefully-sequenced series 
of measurements was undertaken to  uet the 
maximum data return from these precious samples. 
Upon receipt. the two samples were sent to ASU and 
SBU for mid-IR thermal emission and reflectance 
measurement of the solid rock chips. Following 
those  analyses, the samples were coarsely crushed. 
One -20 mg piece was saved from each sample to 
characterize  the interior and exterior of the bulk rock 
meteorite. The  remaining pieces were then 
hand-picked into pyroxene and olivine separates, 
with care taken to keep the minerals from interior 
and exterior samples separate. Mid-IR (400-2000 
 cm  ) emissivity spectra of the coarsely-crushed 
samples were then acquired at SBU. A few  grains of 
 olivine,  pyroxene, and maskelynite from each piece 
were also reserved for Raman and transmission FTIR 
measurements. 
    The whole rock samples were  ground and 
sieved into <45  um fractions, and the mineral 
separates were similarly  ground  but not sieved. The 
resultant powders were analyzed at RELAB at 
Brown Univ. (visible to mid-infrared total reflectance 
studies), where the field of view on each powder 
sample was about 2.5 mm in diameter: then Stony 
Brook Univ. (attenuated total reflectance (ATR) 
spectroscopy): and Mount Holyoke  College 
 (Mossbauer spectroscopy). The analyses were done 
in this order because  Mossbauer analysis requires 
mixing  the samples with sugar. All spectroscopic
analyses used exactly the same samples, though the 
 Raman and transmission FTIR studies were done on 
single crystals extracted from the coarse separates. 
Work is also in progress to deconvolve the visible 
nd near-infrared spectra  using the Modified 
Gaussian Model (MGM). 
Results: 
    Reflectance: Bidirectional visible/near-
infrared  (VNIR) spectra of the particulate samples are 
shown in  Figure  1. The whole rock spectrum includes 
bands centered near  1 and 2  um that are typical of 
 mile materials. Band centers  of the  pyroxene 
separate occur near 0.92 and  1.9  um, and are 
c nsistent with low-Ca pyroxene. Differences were 
observed for the olivine separates from the interior 
and exterior of the sample. Both exhibit weaker 
bands than expected for olivine separates and minor 
 "reddening- of the continuum. These properties 
 suggest the presence  of minor amounts  of nanophase 
reduced Fe (or Fe-Ni) in the olivine as observed for 
NWA 2737  111.
    Emission: Emissivity spectra were collected at 
both ASU  (Figure 2) and SBU. The emissivity 
spectra of the rock chips were  deconvolved [2] using a 
52-endmember spectral library to identify the 
constituents. The mineral separates were directly 
compared to olivine and pyroxene library spectra for 
compositional identification.
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    Fusion crust: The fusion crust emissivity 
spectrum (Figure 2) is dominated by a silica glass 
(>65%) due to its spectral bands at  —1100  cm-I (and its 
higher-frequency shoulder) and 465  cm* 
Additional bands between  —850 and 950  cm-1 are due 
to non-glassy minerals that arc also seen in the interior 
of  the meteorite. A second fusion crust measurement 
(of the underside of the crust chip) shows more 
interior character (olivine and pyroxene) as well as a 
bit of glassy component (Figure 2). 
 Interior: Spectral deconvolution of the interior 
emissivity spectrum showed it to be dominated by 
low-Ca pyroxene phases  (-18% hypersthene,  —12% 
bronzite, and  —6% augite), but the spectrum also 
showed "quenched basalt" at  —31%,  —20%  Fo75 
olivine, and  —8% feldspar. After rolling the 
meteorite chips to new positions, a second "interior" 
spectrum was acquired. The results of this spectral 
deconvolution showed the spectrum to be dominated 
by  Fo70 olivine (40%) and low-Ca pyroxenc phases 
(26% bronzite,  —8% hedenburgite), with 14% feldspar, 
and  —8% serpentine. The low-abundance minerals 
identified through the spectral deconvolution results 
may be misidentified/inaccurate (e.g., we had no 
maskelynite or  pigeonite in our spectral suite).
 
1400  1200  1Cu0  bOU 
Figure 2. Emissivity spectra of Y984028 (black) and 
model fits (pink); deconvolution results are discussed 
in the text. RMS values arc  0.142% (fusion crust), 
 0.131% (under side of the fusion crust with substantial 
interior rock contribution),  0.163% (interior chips), 
and  0.151% (repositioned/turned over interior chips).
 Olivine separates: Spectral measurements of 
the  olivine separates suggest that the  olivine has a 
composition  of  —Fo70 based on the closest match with 
our library of synthetic olivine spectra, which
includes  Foy,;,  Fo70,  Fogy;, as well as many other 
 Fo0-F100 increments.  The identification is based on 
matching the overall spectral character of the sample 
to the library spectra and, more specifically, uses the 
deep band at  —400  cm-', which is generally optimal for 
determining olivine composition [3], as well as the  v3 
band at  —1000  cm-1; positions of both bands indicate 
the same composition. 
 Pyravene separates: The emissivity spectrum of 
the interior  pyroxene separates is consistent with a 
low-Ca pyroxene phase. The interior  pyroxene 
spectrum has major bands located at 514, 881, 928, 
964, 1000, and 1102  cm-'. Although significant 
differences exist, the best single phase match to the 
spectrum is a synthetic pigeonite with a composition 
of  WoloEn36Fs54. Major differences in the spectral 
features between the synthetic pigeonite and the 
pyroxene separates can likely be explained by the 
Yamoto sample having a low Ca content and a higher 
Mg content than the synthetic sample. 
    Transmission:  FT  IR spectra (Figure 3) 
acquired on doubly-polished single crystals of olivine 
and  pyroxene from the exterior and interior samples 
showed characteristics very similar to those observed 
in other  lherzolitic shergottites [4]. Both pyroxenes 
and olivines contain  0H- in varying amounts, and the 
pyroxenes also show a broad band that may  be 
evidence for an  H70 combination mode. These 
spectra are typical of nominally-anhydrous phases 
from the Earth's mantle, and arc consistent with 
abundances that might be expected based on 
suggestions that SNC parental magmas contained up 
to 2 wt.% water [5]. Further work is in progress to 
map the distribution of H species in the grains studied.
    Other Results: Studies using  Mossbauer, 
Raman, and mid-infrared total reflectance are 
underway, and results will be reported at the 
conference. 
    References:  [1]  Pietcrs, C. M. et  al. (2008)  JGR 113, 
E06004. [2] Ramsey, M. S. (1996) PhD  Dissertation, 
Arizona State University, Tempe. [3] Lane, M. D. et  al., 
 Midinfrared spectroscopy of synthetic olivines: Thermal 
emission, attenuated total reflectance, and spectral and 
diffuse reflectance studies of forsterite to  fayalite, in 
preparation. [4] Dyar, M. D. et  al. (2004) LPSC XXXV, abst. 
 #1348. [5]  McSwcen, H. Y. et  al. (2001) Nature, 409, 
487-90; Dann et al. (2001) MaPS, 36,  793-806  ; and 
Nekvasil et  al. (2007) MaPS, 42, 979-992.
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Introduction: 
   Howardites are the H class of the HED clan 
meteorites, and probably originated from the asteroid 
4 Vesta. It consists of eucrite and diogenite clasts 
welded together by mineral dust. To know precisely 
when 4 Vesta formed and how it evolved are critical 
to the understanding of the accretion and 
differentiation history of all planetary bodies. The 
 182H,1182  W s
ystem, t  i = 8.9  myrs, has been 
successfully applied to the studies of formation and 
evolution history for various achondrites, including 
eucrites and diogenites  [1-4]. It has been shown that 
both eucrites and diogenites yield identical Hf-W 
ages [4].  On the other hand, many models have been 
proposed to explain the petrogenesis of the HED 
meteorites, however, they cannot accommodate all 
the observations. HED meteorites also might have 
formed by multiple igneous processes [5]. As a  result, 
precise Hf-W isochron ages for howardites are 
necessary to understand whether if HED meteorites 
were indeed co-genetic.
Samples: 
   Six howardites (EET87503,  EET87513, 
EET99408, MET96500, QUE94200 and  QUE97001) 
have been studied in order to check if internal  Elf-W 
isochron age can be resolved. All samples show the 
same mineral assemblage; orthopyroxene + 
clinopyroxene + plagioclase (anorthite) + chromite + 
FeNi metal + ilmenite + troilite ± olivine  ± Fe 
metal ± Fe oxide ±  Sia, mineral. Dominant 
clasts for each sample are the  follows; diogenite 
(EET87503), basaltic eucrite  (EET87513), diogenite 
and eucrite (EET99408), diogenite (MET96500), 
diogenite and eucrite  (QUE94200), and diogenite and 
eucrite  (QUE97001). Samples were crushed using an 
agate mortar inside a class  10000 clean room. A hand 
magnet was used to separate the magnetic (metal) 
fractions out of the non-magnetic (silicate) fraction 
for each sample.  Consequently, three fractions, 
including the magnetic, low-magnetic, and whole 
rock were separated for each sample. In  addition, 
diogenitic clast and eucrite clasts were also separated 
from QUE94200 and QUE97001.
consistent with that of eucrites and diogenites [3, 4]. 
The Hf-W data for each sample are generally 
scattered within an isochron plot for most of the 
howardites studied here. Therefore, the Hf-W 
isochron ages have relatively large  errors. However, 
similar slopes and  s. initials are observed between 
EET87503 and MET96500, EET87513 and 
EET99408, and QUE94200 and  QUE97001, 
respectively. If these couples formed around the 
same time, the timing of formation could be better 
determined by the isochron of the combined Hf-W 
data. The combined isochron ages exhibit very 
modest improvement, and place the timing of 
thermal metamrphism in the howardite parent body 
at 12.0  (+6.1/-4.8), 6.4 (+5.4/-4.4), and 1.4 
 (+7.1/-5.2) Myr since the start of the solar  system, 
respectively. The ages are consistent with that of 
 eucrites [3], and diogenites [4]. HED meteorite, 
including howardites, yield identical age. If these 
isochron ages truly reflect the formation ages of 
howardites, they suggest that the formation of  HED 
clans were contemporaneous. If HED meteorites 
were derived by the single magmatic event, the 
degree of partial melting of magma may be locally 
different. It is also possible that the isochron ages 
were inherited from the eucrites and/or  diogenites. 
More precise Hf-W data, combined with the 
geochemical data for the different silicate fractions 
analyzed for the Hf-W system may provide further 
constraints about the formation and evolution of the 
HED clan meteorites.
References: 
 [1] Lee DC. (2008)  Meteor Planet.  Sci.  43, 675-684. 
[2] Quitte  G  et  al. (2001)  Earth Planet.  Sci.  Lett. 184, 
83-94. [3] Klein T.  et  al. (2004)  Geochim. 
 Casynochim.  Acta. 68, 2935-2946. [4] Lee DC. 
(2008)  GeOChill1.  CO.S1110Chill1.  Acta. 72, A524. [5] 
Barrat J. A. (2004)  Meteor Planet.  Sci. 39, 
1767-1779.
Results and Discussion: 
   All the W isotope and  Elf-W isotope dilution 
measurements were performed using the Nu  Plasma, 
a multiple collector inductively coupled-plasma mass 
spectrometer, from Nu Instrument, at the Institute of 
Earth Sciences, Academia Sinica. The data show that 
 E„ of the metal fractions vary from +4 to +13, and 
the  E„ varies from +20 to +26 and +17 to +25  for the 
silicates and the whole rocks, respectively. In  general, 
the Hf-W data of the howardites studied here are
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Petrographic investigation of Yamato-791717  CO3  chondrite.J.Ftirj,'  (csillagharcos@gmail.com), I. 
 Gyollail,  Berczil, A. Gucsik2, Sz. Nagy', Zs.  1Eotvos University, Faculty of Science, Institute of 
Physics, Dept. Material Physics,  H-1  117 Budapest,  Pazmany P. s.  1/a, Hungary, 2Max Planck Institute 
for Chemistry, Dept. of Geochemistry, Joh.-J. Becherweg 27,  D-55128, Mainz, Germany,
Introduction: Kaiden et al.  111 investigated the 
chemical zoning of olivine in Yamato-791717. 
They concluded that the zone-forming process was 
the thermal metamorphism, the diffusion between 
200 and 300°C range. Kojima et al.  [2] investigated 
alteration of chondrules and matrix in Antarctic 
carbonaceous chondrites: petrography and chemical 
compositions, especially Si-Mg-Fe ratios. In our 
work these alteration processes are described. 
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 i - n in color, and the chodrules 
show porphyritic and poikilitic texture predominantly. 
Samples and Experimental Procedure: The 
mineral assemblages and textures of our samples 
were characterized with a Nikon Eclipse 
 LV100POL optical microscope using plane 
polarized and reflected light modes (at  Eotvos 
Lorand University of Budapest, Hungary) 
Results: The  Yamato-791717 sample has a variable 
texture containing chondrules, brecciated clasts, 
devitrified glassy clasts, mineral fragments in 
reddish-brown matrix. The chondrules are between 
0,2 and 1,5 mm in size occuring predominantly 
with porphyritic and granular texture, but there are 
some poikilitic, glassy, radial textures, too. In 
smaller , between 0,2 and 0,5 mm sized chondrules 
there are some pyroxenes showing mechanical 
twins. The groundmass of chondrules contains 
larger amount of carbon, but there are some small 
mineral fragment and opaque minerals. In the 
poikilitic chondrules, the large pyroxenes encloses 
olivines and clasts containing hematite and carbon.
The hematite content in these clasts and in matrix 
possibly due to oxidation. The mineral fragments in 
the matrix has a variable size, in average they are 
between 30 and 120 pm, but there are 1,2-2 mm 
sized mineral fragments, which are predominantly 
olivines, but there are some pyroxenes. This 
olivines show zoned interference color possibly due 
to non-equiblirate reactions. Both the chondrules 
and mineral fragments has penetrated rims, which 
are sourrounded with dark, (possibly carbonaceous) 
fine-grained material. The brecciated clasts are 
differently altered. The irregular fractures in 
mineral fragments are filled with fine-grained 
material possibly with high carbon and hematite 
content. Opaque minerals can be found both in the 
carbonaceous matrix as pathes, and around 
chondrule rims as droplets. The  Yamato-791717 
sample contains two types of clasts: devitrified 
glassy clasts and brecciated lithic clasts. Around 
some minerals in chondrules there are fine-grained 
phyllosilicate rims, predominantly chlorite, epidote. 
Comparing with  Yamato-8451 CV3 chondrite the 
matrix show more differences: the matrix in this 
sample are homogeneous, reddish-brown in color, 
the matrix of  Yamato-8451 sample has a flow 
structure with reddish-brown to black in color. 
Acknowledgments: We are grateful to the NIPR 
Antarctic Meteorite Research Center, Tokyo, to 
Professor Hideyasu Kojima, for the loan of the 
Antarctic set and to LRG  (Eotvos University) and 
KFKI for assistance with the analytical instruments. 
We are grateful to Professor C. Koeberl for editoral 
advices and for sending literature 
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199. [3] Sz.  Berczi, S.  .16zsa, Zs. I.  Kovacs, B. 
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Introduction: 
   Direct investigations  concerning the 
composition and structure of the moon started with 
the space missions of the USSR (Luna since 1959) 
and USA (Ranger and Surveyor since 1964). The 
space missions by Apollo 11 to 17 between 1969 and 
1972 as well as Luna 16, 20 and 24 (1971-1976) 
provided several hundreds of kg of geological 
material from the moon. Investigations of the lunar 
material revealed that the mineral composition of 
lunar rocks seems to be much simpler than that of 
terrestrial rocks. Plagioclase is the most abundant 
mineral of the highland rocks (enriched in Ca and Al), 
whereas pyroxene, plagioclase and ilmenite dominate 
the mare basalts (pyroxene together with plagioclase 
75-90%). Olivine and the high-temperature silica 
modifications tridymite and cristobalite mostly occur 
in contents between 1 and 10% [1]. In contrast, alkali 
feldspars and amphibols are rare. Furthermore, the 
lack of an atmosphere and water result in a complete 
lack of surface minerals such as clay minerals or 
carbonates. In contrast to these findings, the present 
study indicates the existence of minor carbonate in a 
rock fragment of a Luna 20 sample.
Samples and Experimental Procedure: 
   The landing site of Luna 20 was in the highland 
region between Mare Fecunditatis and Mare Crisium 
(3°32'N and 56°33'E). The loose-grained, light grey 
regolith consists of about 50% degraded bedrock and 
thus is mature soil [2]. The lithic fragments are 
mainly composed of anorthositic norite and troctolite 
with Ca-rich plagioclase, pyroxene, olivine, and only 
minor basaltic constituents [3]. 
  Separated grains of minerals and rock fragments 
from the >50  ?Am fraction were hand picked and 
prepared for the investigations. All studies were carried 
out on polished thin sections of the material, which 
were produced using low-fluorescing epoxy resin. 
  Cathodoluminescence (CL) measurements were 
done by a combination of CL microscopy and 
spectroscopy using an optical microscope (OM-CL: 
"hot cathode" CL microscope  HC1-LM) and a 
scanning electron microscope (SEM-CL: JEOL JSM 
6400), respectively. The OM-CL system was operated 
at 14 kV accelerating voltage and a current density of 
about 10  .1,A/m1112. Luminescence images were 
captured  "on-line" during CL operations using a 
peltier cooled digital video-camera (KAPPA  961-
1138 CF 20 DXC). The SEM used was usually 
operated at 20 kV and 0.6 nA for CL imaging with a 
MiniCL-like system (Oxford) with a PMT inside of 
the microscope sample chamber. CL spectra in the
wavelength range 380 to 1200 nm were recorded in 
both systems with an Acton Research SP-2356 digital 
riple-grating spectrograph with a Princeton  Spec-10 
CCD detector that was attached to the CL 
microscope by a silica-glass fiber guide. CL spectra 
were measured under standardized conditions 
(w velength calibration by a Hg-halogen lamp). 
  Microchemical analyses by SEM-EDX 
measurements provided additional data concerning the 
chemical and phase composition of the investigated 
rocks and minerals.
Results and Discussions: 
      Plagioclase is the dominant luminescent 
i eral in Luna 20, whereas alkali feldspar is only a 
minor component especially in fine-grained lithic 
fragments, where the yellow-olive luminescent 
feldspar is intergrown with Si02 (Fig.  1). The CL 
spectrum shows two emission bands at —450 nm and 
700 nm. In contrast to Luna 16 samples, the 500  mu 
emission is absent and the alkali feldspar contains no 
detectable Ba but 0.62 wt.-% iron. The pronounced 
red mission is the evidence that at least some of the 
iron is Fe> incorporated in the  Al3+ lattice position. 
      The visible luminescence of plagioclase 
shows a wide range of intensity and colour ranging 
from pale blue to green. Many of the crystals appear 
more or less homogeneous under CL, others show 
zoning or irregular areas with slightly different CL 
colours, which are not  discernable with other 
microscopic techniques. Lath-shaped crystals often 
exhibit a brightly greenish luminescent central part, 
wher as the rims are dull luminescent. This zoning is 
often correlated with a chemical trend from An-rich 
crystal cores to more albitic rims, which can be 
related to preferential partitioning of activator ions 
(e.g.  Mn2') in the crystallizing plagioclase, so that 
they become impoverished in the melt during 
pro eeding crystallization. Spectral analysis of the CL 
emission revealed that the lunar plagioclases show in 
g n ral three main CL emission bands in the blue 
round 450 nm  (A1-0--Al centre), in the green at —560 
nm  (Mn2) and in the red/IR at  —690 nm  (Fe3') [4]. 
Shock damage of plagioclase grains due to impact 
events is detectable by features of brecciation and 
in rnal fragmentation up to the isotropization of 
plagi clase and the formation of maskelynite. 
   Quartz is found in Luna 20 together with alkali 
feldspar or plagioclase showing dull blue and/or pink 
luminescence. The CL emission spectrum consists of 
two broad bands with maxima at 420 and 650 nm, 
similar to emission spectra of crystalline quartz from 
terrestrial rocks. Small, anhedral quartz crystals often 
show irregular internal structures under CL, which
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are not discernable with conventional microscopy. 
The comparison of the CL spectra of grain-areas with 
different luminescence intensity revealed that the 
blue band is relatively constant, whereas the bright 
areas show a much more intense emission band in the 
red. 
    Several accessory minerals are present among 
them whitlockite (general formula 
 Ca11(Y,REE),(Mg,Fe),(PO4)14) [3]. The CL spectra of 
whitlockite (merrillite) are dominated by strong 
emission peaks of several rare earth elements [4]. 
   In one of the rock fragments of Luna 20 regolith 
with mainly quartz and alkali feldspar, an accessory 
component was detected due to its bright CL. 
Because of the typical bright orange luminescence 
emission (Fig. 1) it was firstly concluded that it 
might be a carbonate phase. SEM-CL-EDX analyses 
showed only  CaO and elevated carbon content (Figs. 
2,3). The composition could not be quantified 
because of the carbon coating of the polished thin 
section. The CL spectrum shows a blue emission and 
the typical broad band at ca.  615-620 nm, which can 
be related to the activation by  Mn2 (Fig. 4).
Conclusions: 
      Carter [5] identified calcite using SEM 
methods in the  Apollo-11 and Luna-20 samples and 
Gibson and Sherwood [6] presented the abundance 
and isotopic composition of carbon in lunar rocks to 
confirm the  "Carbonate-Like Phase" in the Apollo-
samples, but there are many uncertain points around 
the sample preparation and examination in these 
early studies. 
      There are two possible scenarios for the 
formation of calcite on the Moon:  (1) meteoritic and 
(2) hypervelocity impact origin. According to Miura 
[7] Calcium elements from anorthite on lunar 
highland should be mixed with elements from 
carbonaceous chondrites (containing Ca-Al 
inclusions) or comets. When a large body strikes 
Earth, impact debris can be accelerated to orbital 
speed and achieve Earth orbit indicating to sweep up 
some of the terrestrial debris by Moon. 
       A further micro-Raman spectroscopical 
study will be performed on this sample to identify the 
crystallinity of the carbonate phase occurred in the 
Luna-20 sample.
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Introduction: 
      Primitive meteorites contain abundant (up to 
1500 ppm) amounts of  nanodiamonds. At least some 
subpopulation must be of pre-solar (stardust?) origin, 
as indicated by the isotopic composition of trace 
elements the diamonds carry, in particular noble 
gases [1] and tellurium [2]. On the other hand, the 
isotopic composition of the major element, carbon, is 
unremarkable, i.e. within the range reasonably 
expected for Solar System materials [3]. Two main 
theories exist for the formation process of the 
meteoritic nanodiamonds (e.g., [4]-and references 
therein): (1) Chemical vapor deposition (CVD), and 
(2) shock origin. TEM investigations, in particular, 
seem to suggest that formation by a CVD process is 
most likely [4].
Samples and Analytical Procedures: 
      K2 (Ultradispersed Detonation Diamonds-
UDD) nanodiamonds were mounted in the non-
radiative epoxy material. Their size dimensions were 
grouped into the following groups: less than 3nm 
(Diamond:  A/1 and A/2), between 3-7 nm (Diamond: 
 B/1 and B/2), bigger than 7 nm (Diamond:  C/1 and 
C/2), and a mixture (Diamond:  D/1 and D/2) all of 
them. CL measurements were obtained on carbon-
coated, polished (by silicon colloids) thin sections. 
Color CL imaging was performed on a CL 
microscope. The system was commonly operated at 
15 kV accelerating voltage and a beam current of 0.5 
mA. CL colour images were captured using a digital 
photomicrographic camera system. High-resolution 
CL images and spectra were acquired using a 
scanning electron microscope (SEM at Okayama 
University of Science,  Okayama, Japan) equipped 
with an grating-type monochromator, SEM-CL 
system. This system was operated at 15 kV 
accelerating voltage and a probe current of 1.5 nA. 
CL spectra were recorded in the wavelength range of 
350-800 nm with 1 nm spectral resolution and a 
dwell time of  1 second per step by photon counting.
surrounding a common vacancy (type laB) and 
mixtures of them may also occur. Type lb — mostly 
represented in synthetic diamonds but very rare 
(about  0.1%) among natural diamonds — contain 
nitrogen as isolated single nitrogen atoms called "C 
Centers". Sometimes type I diamonds may also 
c ntain clusters of three nitrogen atoms called  "N3 
Cent rs". 
      Consequently, the examples of exotic 
applications (astrochemical) of UDD as analog of 
interstellar grains in laboratory simulation 
exp riments would be demonstrated by the 
cathodoluminescene techniques. Further comparative 
stu ies will be done using meteoritic nanodiamonds 
samples (e.g., yielded from Allende meteorite).
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Results and Discussion: 
 Cathodoluminescence spectral features of 
all K2 samples show two broad bands centered at 
around 388 (3.1 eV; A-center) and 452 (2.69 eV; N-
center) nm (Fig. 1). According to Pratesi [5] in an 
agglomerated state: such agglomerates are called "A 
 Centers" when occur as pairs of nitrogen atoms (type 
 IaA), "B centers" when occur as four nitrogen atoms
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  Introduction 
Y-86751 is a transitional Vigarano-type 
carbonaceous chondrite between the CVoxA and 
CVoxB subgroups. It contains  CAI-, dark 
inclusion- and amoeboid-olivine assemblages.  [1]. 
The age of this chondrite is 4.5 billion years  [2]. In 
this sample we observed a wide range of chondrule 
alterations. The alteration effects comprise five 
types [3]: 1. the margin of chondrules have fine-
grained rim; 2. The crystallized rim of chondrules 
was completely alterated to phyllosilicates; 3. The 
chondrule-forming minerals have a fine-grained 
rim. 4. The chondrule-rim disappeared. but the 
chondrule-forming minerals have an alteration rim. 
5. The whole chondrules were alterated to fine-
grained phyllosilicates. These phenomena were 
observed not only at chondrules, but at the 
phenocrysts in the carbonaceous groundmass. 
Samples and Experimental Procedure 
  The mineral assemblages and textures were 
characterized with a Nikon Eclipse  LV100POL 
optical microscope using plane- and cross-
polarized light (at the  Eotvos  Lorand University of 
Budapest, Hungary). As the section is thinner than 
30 the minerals have lower interference color. 
Results and Discussion
Fig.  1. Photomicrograph of Yamato  86751 (CV3) 
 chondrite in transmitted light, crossed polars. The 
width of picture is 5 mm.. The chondrules have 
 „spongy texture" because of aquaeous alteration. 
This alterated chondrules are built up 
phyllosilicates and ironoxides, but may be some 
relict olivines in these chondrules. The color of 
matrices is very variable: from light reddish brown 
to dark brown or black.
   Aqueuos alterations are important in the 
evolution of asteroidal bodies and it has also strong 
connection with astrobiology [4]. In the 
carbonaceous matrix there are  fine-grained 
 chondrules, with the grain-boundaries being smooth 
i side the chondrules as well. Three processes have 
been involved: thermal metamorphism, brecciation, 
and aqueous alteration. The size of the  chondrule-
forming phenocrysts is approximiately 40-50 pm, 
whereas the phenocrysts in the matrix are up to 100 
 pm in size. This sample contains predominantly 
porphyritic chondrules. The minerals are zoned, 
possibly due to non-equilibrium reactions. Both the 
chondrules and larger phenocrysts show signs of 
aqueous  alteration. Reddish-brown carbonaceous 
matrices are probably the result of the presence of 
altered hematite, which shows a flow-textured 
appearance. 
  The groundmass has porphyritic texture, the 
phenocrysts are clino- and orthopyroxenes, 
olivines, and feldspar. The chondrules have 
porphyritic, barred, and granular texture. Some 
chondules are elliptical in shape. The xenoliths are 
dark brown and black in color, probably due to 
carbon content, with porphyritic and granular 
texture. The granular and porphyritic  chondrules 
common contain mechanically-twinned pyroxenes. 
The boundary of chondrules is smooth and often 
penetrated. The groundmass around the chondrules 
 change from  light reddish brown to dark brown 
showing flow texture due to aqueous alteration. It 
appears that the rate of aqueous alteration was 
greater than in the Kaba meteorite, because no Ca-
Al inclusions  (CAI) are seen. Patchy extinction and 
fine grained texture are common in the chondrule 
minerals. The minerals are of inhomogeneous 
composition, as is indicated by interference color 
differences of feldspar and pyroxene grains. It is 
interesting to note that a spinifex-textured 
chondrule contains isotropic feldspar, i.e., 
maskelynite. This suggest that the meteorite is of 
S5-S6 shock  stage, according to the  Stoffler scale 
151. Effects of the interactions of fluids are present 
in the form of fluid inclusion assemblages within 
fractures in feldspar grains, as secondary fluid 
inclusions, after Roedder [6]. Fluid inclusions are 
present also along boundaries of chondrules. 
Porphyritic chondrules show not only aquaeous 
altered boundaries,  but also phenocrysts inside the 
chondrule show fine-grained rims around the 
mineral grains. If the aqueous alteration is 
pervasive,the chondrules are completely altered to 
 fine-grained minerals.
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Fig. 2: Photomicrograph about  Yamato-8751 chondrite in transmitted light wih crossed polars (made in LRG, 
ELTE, Hungary). A: 1. barred chondrule B: porphyritic chondrule after aqueous alteration. 3. granular chondrule 
with diffuse, fine-grained rim. B: 4. barred chondrule, 5. brecciated olivine chondrule, C: 6. unequiblirated, 
zoned barred chondrulefragment, D: 7. poikilitic chondrule: tabular shape and rounded olivines in mechanical 
twinned pyroxenes. E: porphyritic chondrule after aqueous aleration, consis of fine-grained phyllosilicates. F: 9. 
granular olivine-chondrule.
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 Introduction:  Mezomadaras and  Yamato-74191 
are L3 chondrites, Yamato-8451 is a pyroxene-
bearing pallasite.  [1,2] The comparison of these 
samples is carried out on the basis of their opaque 
mineral content. The idea is based on the results of 
Takahashi's  [3] investigations of melting the Y-
74191 between 6 and 30 kbar pressure range  [3]. 
Takahashi's model is the following: heating of an 
L3 chondrite results in partial melting and 
segregating first the metallic melt and later the 
silicate component. Segregation of the metal and 
sulfide component occured at first around the 
chondrules, later increasing heating resulted in a 
pallasite-like texture. We think, that this theory can 
explain the fact, that why does include  Y-8451 not 
only olivine grains in metallic melt,  but also 
pyroxenes, too. Takahashi concluded, that pallasite 
can be generated not only from primitive achondrite, 
but from every olivin-rich meteorites, by their 
 heting, up  [4,5,6]. 
 Samples and Experimental Procedure: The 
mineral assemblages and textures of our samples 
were characterized with a Nikon Eclipse 
 LV100POL optical microscope using plane
Fig.  1. Images of the  Mezomadaras.  Yamato-74191
polarized and reflected light modes (at  Eotvos 
Lorand University of Budapest, Hungary). 
 Mezomadaras sample was prepared with 35  pm, the 
Y-74191 and  Y-8451 were prepared with thinner 
than 30  pm in thickness. The mineral assemblages 
and textures were also measured by a  Renishaw-
1000 Raman spectrometer: the laser wave lenght 
was  785 nm, with focused energy of 8 mW. The 
maximal focus was driven to  1pm diameter spot. 
 Sample description: In  Yamato-8451 there  are 
rounded, fractured olivines and pyroxenes in the 
Fe-Ni matrix. The texture is very coarsely grained, 
the size of the olivines is between 3-5 mm, the size 
f pyroxenes is between  1-3 mm. The texture of the 
sample is mainly porphyritic, but in small part 
poikilitic texture was observed, too: in the 3 mm-
sized pyroxene there was a 0,8 mm-sized olivine 
embedded. The mineral composition of the sample 
is estimated to contain: 40% metallic  melt,  50% 
 olivine, and 10% pyroxene. It was observed, that 
metallic melt occurs not only between mineral 
grains,  but inside the fractures in minerals (picture 
 B).
and  Yamato-84  1  5  1
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 In olivines and pyroxenes there are parallel 
fractures, whereof there are radiating smaller, 
perpendicular fractures. Because the size of olivines 
and pyroxenes is very large, they exhibit only lower 
degree of shock-metamorphism. (The higher rate 
shock metamorphism result in very small grains 
and shockveins,  181 The fracturing of olivines 
classified S2 shock stages  [8]. In smaller, 1 mm-
sized pyroxenes there are mechanical twins. 
(picture A). The metallic melt is not uniform: in 
reflexion-mode the middle-gray iron-nickel and the 
yellow colored troilite can be seen, separated by the 
compositional immiscibility. 
 In  Mezomadaras chondrite the opaque minerals 
are in patches or as pigments on the surface of 
minerals, and as iron oxide in fine-grained 
groundmass. In Yamato-74191 there is a range of 
opaque minerals more larger: in crystallized 
 chondrule-rim are opaque-mineral-globules, and the 
chondrules are in metallic matrices
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Introduction: 
    Although nature had been displaying prominent 
effects of space weathering for a long time, we 
humans only started to recognize its common 
presence and mechanism in 1960s. Since then, 
space weathering has gone from an imaginary 
existence wherein its believers (other than those of 
lunar space weathering) were often ridiculed by the 
rest, to a tangible and quantifiable fact which exists 
ubiquitously on airless bodies of any solar system. 
In this review, I would like to outline the history of 
study on space weathering and introduce some of the 
recent studies of myself and others. 
Lunar Space Weathering 
    Before lunar samples were returned in early 
1960s, there had been many incorrect suggestions on 
the composition of the lunar surface. Urey  [1] 
suggested that the lunar surface consists of a variety 
of chondritic materials, wherein the maria consist of 
carbonaceous chondritic materials. As unrealistic 
as it may seem, the reddish and dark reflectance 
spectra of the lunar maria might look similar to some 
of carbonaceous chondrite powder samples for 
untrained eyes. Hapke  [2] and Wehner et al. [3] 
suggested that the darkness of the lunar surface is at 
least partially caused by solar wind hydrogen 
bombardment. Hapke [4] demonstrated that proton 
irradiated dunite powder can produce a similar 
photometric, polarimetric, and visible spectroscopic 
properties to the lunar surface. Surveyer V analyzer 
found that the lunar mare composition was basaltic 
[5]. 
    After Apollo Missions returned lunar rock and 
soil samples starting in 1969, extensive studies 
especially on soils revealed that a large portion of 
soils consists of agglutinates, and many suspected 
that they were the carrier of the optical space 
weathering effect. In 1993, nanophase reduced iron 
 (npFe°) particles were found on vapor coating layers 
on lunar soil particles [6]. Recently, a space 
weathering layer was also found on a lunar rock [7] 
including a similar vapor coating layer containing 
 npFe° particles, which explained the presence of 
space weathering effects all over the lunar surface, 
regardless of diversity in composition and physical 
properties. 
   The Japanese spacecraft Kaguya unambiguously 
identified almost mafic-free anorthosite rocks on 
many steep crater central peaks distributed widely 
over the lunar surface [8]. This implies not only the 
well-known fact that regolith or mixing free areas 
tend to be free but also the compositional 
dependency of space weathering wherein iron-poor 
materials are hard to become space-weathered. 
Along with recent high-quality lunar remote  sensing
data available. further progress in our knowledge of 
the  lunar space weathering is highly desired. 
Space Weathering on Asteroids: 
    Space weathering on asteroids was not really 
called for when the asteroid 4 Vesta was found to be 
spectrally very similar to eucrites [9]. However, as 
more and more UV-visible-NIR reflectance spectra 
of S-type asteroids are measured, it became clear that 
no meteorite counterpart can be found for the large S 
asteroids. Although some attempts were made to 
reproduce the red continua by mixing metallic iron 
with silicates [e.g., 10], the visible spectral curvature 
of the S asteroids could never be matched reliably 
with any combination of meteorite classes. While 
the lunar space weathering had been known for a 
long time, many asteroid and meteorite researchers 
were skeptical on the existence of any lunar-like 
space weathering on asteroids, most of which are 
much smaller and seem to have much shorter regolith 
maturation time than the Moon. 
    On the other hand, many lunar material 
scientists and younger asteroid spectroscopists were 
more positive on the existence of such lunar-like 
space weathering on asteroids although no evidence 
was found in meteorite samples. Galileo satellite 
vis ted made the first fly-by of an asteroid (951 
Gaspra) in 1991 and found a correlation between the 
extended visible spectra and surface freshness, 
possibly suggesting a space weathering process [e.g., 
11]. Hayabusa spacecraft visited a small asteroid 
25143 Itokawa and found an unambiguous evidence 
of developing space weathering on its LL chondrite 
like surface [e.g., 12]. The sample is expected to be 
returned in June 2010, which will be the final judge. 
Summary: 
    While space weathering surely exists on airless 
planetary bodies, further studies on its dependence 
on the composition and environment are called for. 
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 Introduction: In 1998-99, on the first Mars Global 
Surveyor (MGS) MOC images interesting dark spots 
were discovered in springtime on the southern and 
northern white frosted polar dune fields  [1].
 The analysis of the Southern Martian Dark Dune 
Spots  (DDSs) resulted in interesting inferences for us 
in 2001 [2]. Discovering several seepages starting 
from DDSs which were referred as signs of the water 
seeping process we concluded that the DDS 
phenomena is also related to the suggested activity of 
the Martian Surface Organisms  (MSOs) at the 
Southern Polar Region of  Mars [3, 4, 5, 6, 7,  8] We 
carried out observations and analysis at the "Inca 
City" region. Here we could observe the seasonal 
changes of the southern DDSs [Fig. 2, 5,  8] In the 
Northern Polar Region we also found the seasonal 
changes of the DDSs, but there this seasonal process 
showed different form [9]. 
 Discussion: Using the new Mars Reconnaissance 
Orbiter (MRO) HiRISE images we could find some 
reasons for the different origin of the northern and 
the southern DDSs. On these high resolution 
HiRISE-images of the Northern Polar Region 
(84.7°, 0.8°E) we demonstrated the detailed time-
sequence of the changes of a DDS (  ). In top 
of the  l  i“,  I . and an early and late 
spring images of MGS and  MRO can be seen of the 
southern dark dune spots. These figures exhibit 
DDSs produced without outburst of "fountain-like" 
activity.
 I Dark dune spots on Southern (top) and Northern 
  (bottom) Polar Region on the images of MGS
 Fig. 2. On this series of enlarged images we can see the stages of the  seasonal development of some DDSs on the frosted and 
defrosted dark dunes in the Martian "Inca City" from spring till summer  [5 8]. Sun illuminates from upper left and north is 
   approximately toward the top in Figures a,  5.  c,  /: (number of MGS images: M0400678, M0702824, M0900687, 
                           M0903813,  M1102076,  M1400267)
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 The  Fig. 3. images show stages of a northern 
DDS development. This fountain-like DDS ejects a 
white ring of a material even in early spring. 
 In  Fig. 3. the white material ring surrounds the 
central portion of the DDS, but as spring advances, 
the ejected material becomes gradually thinner and 
finally disappears in summer.
observations on the older MGS images. The 
southern DDSs are frequently surrounded by faint 
bright ring, but we explain this phenomenon not by 
a fountain-like process, but only the re-frosting of 
the water vapor  (Fig, 2d). On the images with high 
resolution the northern DDSs appear with well 
expressed fountain-like form  (Fig. 3), as observed 
earlier on the low resolution images of the MGS.
 _sig23ci early spring
 Ls=65°  late spring  Ls  9O early summer
    The seasonal development of a dark dune spot on the Northern Polar Region (84.7°, 0.8°E) from spring  (27.01.2008) 
   till summer (25.06.2008). On the 450x300 m enlarged frame of HiRISE-images it can be seen fountain-like DDS
         On the 450x300 m enlarged frame of the 
 HiRISE PSP 003770  image it is demonstrated that the 
DDSs appear on the central part and between the arms of 
  the spiders, but without fountain-like phenomenon.
 Conclusion: On the new MRO images it can be 
observed that the formation and development of the 
southern DDSs is different as compared with those 
on the northern DDSs, in accordance with the
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Petrography and mineral chemistry of the Y984028  lherzolitic 
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Introduction: Martian meteorites (Shergottites, 
Nakhites, Chassignites and orthopyroxene) are the 
only samples human got from the Mars and record 
abundance information of evolutional history of the 
Mars. Shergottites are the largest group of Martian 
meteorites and can be divided into three subgroups, 
lherzolitic, basaltic and olivine-phyric [1, 2]. 
Lherzolitic shergottites share similar petrology, 
geochemistry [3-10] and ejection age [11] indicating 
they came from a same igneous unit on the Mars. 
Yamato 984028 (Y984028) has been identified as a 
new lhzerolitic shergottite. In this paper, we just 
report the petrography and mineral chemistry of the 
Y984028.
Sample and Analytical methods: The petrography 
study was carried out under optical microscope and 
Scattered Electron Microscope (SEM). The major 
silicates chemistry was determined by JEOL-8100 
using natural and synthetic standards, 15 kV 
accelerating voltage and 20 nA beam current. Na and 
K were counted first in case of losting due to the high 
volatility. Bulk compositions of melt inclusions 
were analyzed using a defocused beam of 10  µm in 
diameter. Raman spectra were obtained by the 
Renishaw Raman inVia Reflex, using a wavelength 
of 532nm.
Petrography: Y984028 (51-2) consists of poikilitic 
and interstitial textures, typical of lherzolittic 
shergottites. In the poikilitic area, rounded olivine 
chadacrysts (typical of brown color under polarized 
light) and euhedral chromite are enclosed in 
pyroxene oikocrysts which are pigeonite or 
orthopyroxene in the cores and augite in the rims. 
The interstitial area is mainly composed of euhedral 
olivine and pyroxene (augite), with less abundant 
plagioclase (as maskelynite) to the former. Accessory 
chromite, ilmenite and phosphates coexist with 
plagioclase. The modal composition (in vol%) of 
Y984028 is 46.4 olivine, 47.9 pyroxene (pigeonite 
and augite), 4.7 plagioclase,  1 opaque minerals 
(chromite, ilmenite and troilite). Melt inclusions are 
common and large in olivine and pyroxene (up to 
120  pm ), but much less and smaller in chromite 
(<10  pm). The large melt inclusions consist of 
fassaite, plagioclase glass, silica and tiny chromite. A 
few grains of baddeleyites (<5  p.m) coexist with 
ilmenite. Heterogeneity of plagioclase can be noted 
in back-scattered electron images  (Fig.1  a), and the 
darker areas contain higher  Na2O ( or with extra  SiO2 
and  A1203 ). Raman spectra confirm most of 
plagioclase are maskelynite, and some of the dark 
areas are lingunite  (Fig.lb). The section has a 
shock-induced melt vein up to 400  pm in width. The 
host-rock clasts entrained in the shock vein mainly
s rgotti e. S. Hu', L. 
Institute of Geology and
consist of olivine with fewer pyroxene. The olivine 
fragments and those in contact with the vein usually 
xhibit recrystallization texture that is continuous to 
the fine-grained matrix of the vein. Recrystallization 
of chromite is also common, developing from its 
b ndaries. Raman analysis confirm that most (Mg, 
 Fe)2SiO4 in the vein are olivine and the new 
metastable (Mg,  Fe)2SiO4 high pressure polymorph 
 [12] was also found. Part of low-Ca pyroxene in the 
vein has been transferred to glass. 
Mineral Chemistry: Fayalite content of olivine in 
poikilitic areas is 27.8+1.5 (with a range of 25.5-30.8) 
mol%, slightly but distinctly lower than those in 
interstitial areas  (31.4+0.9mol%, 29.6-33.5). The 
 FeO/MnO ratio of olivine is 49.4.  FeO-content of 
pigeonite in the poikilitic part  (Fs21.4-239) is also 
lower than that in interstitial areas  (FS24.6_29  8) (Fig.2). 
Augite shows a narrower chemistry variation 
between the poikilitic and interstitial areas 
 (FS17  5W031  5  VS  FS17  8W029  2)• Plagioclase varies from 
 An33  0Ab62.20r4  8  to  Ar155  6Ab43  00r1  4. The  SiO2- and 
 A1203-rich plagioclase has a mean composition (in 
weight) of 61.6  SiO2, 25.8  A1203, 7.28 CaO, 3.5 
 Na2O, 0.73  K2O, 0.15  TiO2, 0.37  FeO and 99.6 total. 
The chemical composition of  Lin10-1 and  Mas10-3 
in  Fig.  1  a are  An374Ab5980r28 and  An49  0Ab4950r  I  5, 
respectively. Euhedral garins of chromite in the 
poikilitic areas are  TiO2-poor (1.1-1.9 wt%) in 
comparison with those (11.0-15.6 wt%) in interstitial 
areas. Ilmenite has relatively homogeneous 
composition containing some  MgO (up to 5.9 wt%). 
Plagioclase glasses in the magmatic inclusions have 
wide ranges of  SiO2,  A1203, CaO,  Na2O and  K2O 
contents, 55.3-75.19, 10.0-21.0, 0.9-16.0, 1.3-4.7, 
an  0.05-5.8 in weight percent, respectively. Fassaite 
in melt inclusions has lower  FeO-contents  (Fs  12.7-180 
and higher  A1203-contents (7.1-9.4 wt%) and 
 TiO2-contents (1.0-3.7 wt%) in contrast to host 
pyroxene. 
Discussion: The poikilitic and interstitial textures, 
bimodal compositions of olivine, pyroxene and 
chromite of Y984028 are typical of lherzolitic 
shergottites. Its modal composition (olivine 46.4 
vol%, pyroxene 47.9 vol%, 4.7 vol% plagioclase) is 
similar to Y93605 and LEW 88516 [13]. The Fa 
content pattern of olivine is nearly identical with 
GRV 99027  [14] (Fig.3). It is likely that Y984029 
came from a same igneous unit on the Mars surface 
s most other lherzolitic shergottites. However, 
Y984028 experienced a distinct shock 
metamorphism and little post-shock thermal 
metamorphism, as indicated by the presence of 
maskelynite, lingunite, metastable (Mg,  Fe)2SiO4 
high-pressure polymorph and pyroxene glass.
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Fig.2. Chemical composition of pyroxene (pigeonite  +  aueite). 
 Pigeonite in poikilitic areas has lower  Fe0-contents than those in 
 interstitial areas and augite shows a narrower chemistry variation 
between the poikilitic and interstitial areas
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 Fig.l. Plagioclase showed heterogeneous composition (a) and was 
 confirmed to be high pressure  polymorphisms, lingunite and 
 maskelynite (b).  01:  olivine,  Ilm:  ilmenite. Mas: maskelynite. 
 Lin  10-1 and  Mas  1  0-3 are the Raman points.
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   The Japanese Antarctic Research Expedition 
(JARE) has discovered approximately 15700 
meteorites in the Antarctic Continent since 1969. 
Besides the meteorites collected by JARE,  —500 
specimens found by joint U.S.-Japan teams from 
1976 to 1979 are included in the Japanese meteorite 
collection  [1]. After the accidental finding of nine 
meteorites by the 10th JARE  (JARE-10) in 1969, 
JARE has been conducting systematic searches for 
meteorites primarily on the bare ice field around the 
Yamato Mountains (Fig.  1). The total number of 
meteorites found around the Yamato Mountains, the 
Yamato meteorites, is approximately 13800, which 
mainly consists of 3600 Yamato-79 meteorites, 4100 
Yamato 98 meteorites and 3600  Yamato 00 
meteorites [2]. 
    Among the Japanese meteorite collection, 
nearly 2000 specimens were found on the bare ice 
fields around the Sor Rondane Mountains (Figs. 1 
and 2). A glaciological party of JARE-27 discovered 
three chondrites on the bare ice field near Mt. 
Balchen, the eastern end of the Sor Rondane 
Mountains, in the 1986-1987 field season [3]. Those 
are the first meteorites found around the area and 
termed Asuka-86 meteorites. After the finding, two 
JARE teams, JARE-29 (1987-1989) and JARE-31 
(1990-1991), conducted systematic meteorite 
searches around the area and found approximately 
1800 (Asuka-87 and Asuka-88) and 50 (Asuka-90) 
specimens, respectively  [2,  4,  5]. 
    The Asuka meteorites have been found on the 
bare ice field near Mt. Balchen and on Nansen 
Icefield (Fig. 2). The numbers of meteorites found on 
each ice field are listed in Table 1. There is a 
remarkable feature of the occurrence of the Asuka 
meteorites; most specimens found near Mt. Balchen
Table 1.
 /sits to the Sor Rondane Mountains and 
    National Institute of Polar Research, 
 P). 
have been broken into fragments by weathering, but 
the specimens especially found on the upstream side 
of Nansen Icefield are mostly complete large stones 
with a fusion crust [2]. 
   In the 2009-2010 field season, JARE-51 will 
perform the first search for meteorites around the Sor 
Rondane Mountains since November, 1990. An 
exploration team of seven people consisting of two 
scientists, a field assistant, a mechanic, a surgeon and 
two Belgians will conduct meteorite searches 
primarily on the bare ice field near Mt. Balchen for a 
full month early in 2010 (Fig. 2). 
    After the  JARE-51 program, JARE has plans 
for meteorite searches for three consecutive seasons 
from 2010 to 2013. For example, a team of JARE-52 
plans to conduct meteorite searches on Nansen 
Icefield (Fig. 2), where JARE-29 recovered more 
than 1500 meteorites in the 1988-1989 field season. 
Following the revisits to the Sor Rondane Mountains 
by  JARE-51 and JARE-52, JARE-53 and JARE-54 
propose to revisit the Yamato Mountains. From the 
JARE-52 program, the meteorite search teams are 
expected to utilize aircraft to travel to the Antarctic 
Continent. 
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Number of meteorites found on the bare ice fields around  Sor Rondane Mountains
Field season (Name) JARE Number of meteorites Bare ice field
 1986-1987 (Asuka-86)
1987-1988 (Asuka-87)
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1990-1991 (Asuka-90)
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JARE-29 
JARE-29
 JARE-31
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Airborne hyperspectral remote sensing and itsapplication to the Antarctic meteorite 
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Introduction: 
      It has been a big debate for many decades 
how it can be possible to develop an effective 
method for the meteorite survey in Antarctica. The 
purpose of this study is to provide some advantages 
of the airborne hyperspectral imaging obtained on the 
board of the unmanned light aircrafts not only for the 
meteorite research but also identification of the old 
terrestrial impact craters that are old, 
metamorphically overprinted and eroded.
What is the hyperspectral imaging?: 
 Hyperspectral imaging, or imaging 
spectroscopy, combines the power of digital imaging 
and spectroscopy. For each pixel in an image, a 
hyperspectral camera acquires the light intensity 
(radiance) for a large number (typically a few tens to 
several hundred) of contiguous spectral bands. Every 
pixel in the image thus contains a continuous 
spectrum (in radiance or reflectance) and can be used 
to characterize the objects in the scene with great 
precision and detail (Fig. 1). 
      Hyperspectral images obviously provide 
much more detailed information about the scene than 
a normal colour camera, which only acquires three 
different spectral channels corresponding to the 
visual primary colours red, green and blue. Hence, 
hyperspectral imaging leads to a vastly improved 
ability to classify the objects in the scene based on 
their spectral properties. This is illustrated in the 
figure below, where typical pixel spectra from 
various materials are shown, along with a typical 
classification image (Fig. 1). 
      The camera fore optic images the scene onto 
a slit, which only passes light from a narrow line in 
the scene. After collimation, a dispersive element (in 
our case a transmission grating) separates the 
different wavelengths, and the light is then focused 
onto a detector array. The net effect of the optics is 
that for each pixel interval along the line defined by 
the slit, a corresponding spectrum is projected on a 
column of detectors on the array. The data read out 
from the array thus contains a slice of a hyperspectral 
image, with spectral information in one direction and 
spatial (image) information in the other, for instance, 
from the mineral characterization (Fig. 2). By 
scanning over the scene, the camera collects slices 
from adjacent lines, forming a hyperspectral image 
or  "cube", with two spatial dimensions and one 
spectral dimension. Note that the scanning is often 
intrinsic to the application: In remote sensing,
scanning is provided by aircraft or satellite 
movement. Also, in many industrial quality control 
applications, products conveniently pass the sensor 
on their conveyor belt.
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Figure 2.
Spectroscopic properties of the Antarctic 
meteorites: 
      According to Bishop  [1] the spectroscopic 
properties of particulate, for instance, ALH 84001 
from 0.3 to 25  [tm identify low-Ca-pyroxene. 
Absorption bands due to electronic transitions of 
ferrous iron are observed at 0.94 and 1.97  p.m that 
re typical for low-Ca-pyroxene. A strong, broad 
wate  band is observed near 3  µm that is 
ch racteristic of the water band typically associated 
with pyroxenes. Weaker features near 4.8, 5.2 and 
6.2  µm are characteristic of particulate low-Ca-
pyroxene, and can be readily distinguished from the 
fe tures due to high-Ca-pyroxene and other silicate 
mi rals.
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Potential techniques used for carrying the camera 
system:
 Aircrajis 
      In  general, the hyperspectral camera 
operating at the maximum range of the 
electromagnetic spectrum (0.4-2,5  [.tm) has a weight 
at around 50-80 kgs. In this  case, the most suitable 
solution to carry these instruments is  usage of small 
aircrafts (Fig. 3). The major disadvantage of this 
method is costly, and requires a well-graduated stuff 
as well as hard to use it in the Antarctic conditions, 
especially.
Figure 3: Special  aircraft  equipped  with  cameras
Radio-controlled  (RC) model  airplanes 
      Using the RC model airplanes provides an 
alternative opportunity, which can carry the 
hyperspectral camera on its board (Fig. 4). 
Furthermore, the critical point of this technological 
development is the weight of the camera. For the 
reason of the Antarctic meteorite research proposals, 
it is also possible to use the selective and 
characteristic spectral features (see in the second 
paragraph) operating conditions indicating the light 
camera options. Compared to the aircrafts, this 
system is relatively cheap.
 Unmanned  Aerial Vehicle System  (UAV) 
      UAV is a reconnaissance model aircraft 
(aeroplane or helicopter) system that can follow a 
preprogrammed route while sending a real time video 
signal and position information back to the ground 
control station  (Fig. 5). The UAV equipped by the 
hyperspectral camera should be a potentially useful 
technique for the Antarctic meteorite research. 
However this is an expensive system such as the RC 
model aircraft, but it provides a wide range of 
application and it doesn't need to have a well-
experienced stuff to use it. We assume it can be 
applied to the meteorite surveying proposals 
potentially. 
      Consequently, it is important to note that the 
above-mentioned technological developments must 
be compatible to the extreme Antarctic weather 
conditions.
Figure 5: Hi-tech  UAV helicopter  by Schiehel
Ref rences: 
 [1] J.L. Bishop et  al.,  Meteoritics &  Planetary 
Science, vol. 33,  no.  4, (1998).
Figure 4: RC model  airplane  with  Ca117CYCIS
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Cathodoluminescence Study of Maskelynite in Dhofar 019 and Plagioclase in Yamato 
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Introduction: 
   Dhofar 019 classified as an olivine-bearing 
basaltic shergottite consists of subhedral grains 
(0.2-0.5 mm) of pyroxene (pigeonite and augite), 
olivine and feldspar mostly converted to maskelynite 
and minor K-feldspar, merrillite, chromite, ilmenite 
and pyrrhotite, associated with terrestrial secondary 
phases. An estimation of shock pressure for this 
meteorite has been an important subject under 
discussion, whereas it was qualitatively presumed in 
the range of 30-35 GPa judging from the formation 
of maskelynite  (An36_68) [1, 2]. In this study, we 
evaluate the shock pressure by quantitative 
comparison with experimentally shocked plagioclase 
and plagioclase in Yamato 000749 using 
cathodoluminescence (CL) and micro-Raman 
spectroscopy.
Sample and Methods: 
   Two polished thin sections of Dhofar 019 
meteorite and a thin chip of Yamato 000749 from the 
NIPR were employed for CL and Raman 
measurements. Experimentally shocked plagioclase 
(Ab40) at 20, 30 and 40 GPa were used as a reference 
sample for known shock pressure. CL measurements 
were carried on in the range from 300 to 800 nm 
using a scanning electron 
microscopy-cathodoluminescence (SEM-CL) system, 
which is comprised of a secondary electron 
microscope (JEOL: JSM-5410) combined with a 
grating monochromator (OXFORD: Mono CL2).
Result and Discussion: 
   CL spectra of maskelynite in Dhofar 019 exhibit 
emission bands at around 380 and 600  nm, which can 
be assigned to defect center and  Mn'{ center, 
respectively (Fig. 1). Similar UV-blue emission at 
around 380 nm is observed in plagioclase shocked at 
30 and 40 GPa, whereas it has not been recognized in 
the plagioclase at 0 and 20 GPa and plagioclase in 
Yamato 000749 (Fig. 1 and 2). This emission band at 
around 380 nm might be assigned to shock-induced 
luminescence center, suggesting a CL signal 
characteristic of maskelynite. The wavelength of the 
peak in yellow region shifts from 560 nm for 
unshocked plagioclase and plagioclase in Yamato 
000749 to 630 nm for maskelynite and shocked 
plagioclase at 20, 30 and 40 GPa. Maskelynite in 
Dhofar 019 and experimentally shocked plagioclase 
at 30 and 40 GPa show a weak and broad Raman 
peaks at around 500 and 580  cm-  I, which can be
assigned to T-O-T symmetrical stretching vibration, 
suggesting the alteration of the crystal field related to 
 M 2+ activator. However, lower shocked plagioclase 
at 20 and 30 GPa and plagioclase in Yamato 000749 
indicate their high crystallity without any change of 
framework configuration by Raman spectral analysis. 
Thes  facts imply that shock pressure induced on this 
meteorite might be at  30-40 GPa. 
20000   
  Maskelynite in Dhofar 019 
 Plagioclase in Yamato  0007491
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Figure 1: CL spectra of maskelynite 
and plagioclase in Yamato 000749
a) 
s
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Figure 2: CL spectra
experimentally shocked  plagioclase at 20 
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of unshocked and 
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   Reference: [1] Badjukov D. D et  al. 2001. 
Abstract #2195. 32nd Lunar & Planetary Science 
 Conference. [2] Taylor L. A et al. 2002. Meteoritics 
& Planetary Science  37:1107-1128.
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Fe-Ni metal and sulfide minerals in CM chondrites: Indicators for the thermal history. 
M.  Kimural, J. N.  Grossman', and M. K.  Weisberg34,  1  Ibaraki University, Japan, 
 makotokigmx.ibaraki.ac.jp,  'US Geological Survey, 954 National Center, Reston, VA 20192, 
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Introduction: 
    Most CM chondrites experienced progressive 
aqueous alteration. Although they are classified as 
petrologic type 2, the degree of aqueous alteration 
varies widely [e.g.,  1]. In addition, some CM and 
related chondrites were subjected to thermal 
metamorphism after aqueous alteration, and heating 
stages I-IV with increasing metamorphism were 
proposed [2]. 
    Recently, we showed that the characteristic 
features of Fe-Ni metal, such as texture and 
composition, are very sensitive indicators of thermal 
histories in unequilibrated ordinary and CO 
chondrites [3]. Here we report our mineralogical 
results on sulfide minerals as well as Fe-Ni metal in 
CM chondrites and discuss their implications for the 
thermal history of CM. 
Petrography and mineralogy: 
   We selected 15 CM and related chondrites to 
cover the entire range of aqueous alteration and 
heating stages  I-IV. Fe-Ni metal occurs in and 
around chondrules, and as isolated grains in the 
matrix. The abundance of metal decreases with 
increasing degree of alteration, as also observed by 
[1]. A few metal grains in Murchison and B-7904 
show a fine-grained plessitic texture, similar to that 
in Semarkona (type 3.01). Except for these, all of the 
metal in CM chondrites has a homogeneous texture. 
Metal composition varies widely, depending on 
samples (Fig. 1). 
    Pyrrhotite and pentlandite occur around 
chondrules and as isolated grains in the matrix. A 
prominent feature of sulfide minerals is the 
occurrence of blebs or lamellae of pentlandite in 
pyrrhotite (Fig. 2), although the abundance varies 
from sample to sample. 
    Thus, we classified the samples studied here 
into three categories based on metal composition and 
sulfide texture; A) The Fe-Ni  metal in eight 
chondrites, including  LEW85311, is kamacite or 
martensite, with some Ni-Co-rich compositions. Ni 
and Co are roughly correlated  (Fig.  1  a). These 
features are partly similar to those in primitive 
chondrites, such as CR, CH and Acfer 094 [3]. Fewer 
than 30% of pyrrhotite grains contain blebs or 
lamellae. B) Four chondrites,  including A-881334, 
are characterized by almost homogeneous Fe-Ni 
metal (Fig.  lb). Pyrrhotite grains in these chondrites 
always contain blebs or lamellae (Fig. 2). C) Fe-Ni 
metal in B-7904,  Y-82054, and  Y-86720 is kamacite 
plus Ni-Co-rich metal (Fig.  I  c). Whereas pyrrhotite 
is common in these, pentlandite is rarely observed.
No blebs or  lamellae occur in the pyrrhotite. 
Discussion: 
    The categories A-C are not related to the degree 
of aqueous alteration. Instead, they clearly depend on 
the heating stage. All CM chondrites of category A 
are unheated (heating stage I). The chemical features 
of the metal are similar to those in other very 
primitive chondrites. Although Fe-Ni metal in 
Semarkona chondrules (LL3.01) typically has a 
plessitic texture indicative of weak thermal 
metamorphism on the parent body [3], most of the 
metal in CM category A as well as Acfer 094, CH 
and CR chondrites, does not have a plessitic texture. 
Therefore, we suggest that Fe-Ni metal in these CM 
chondrites partly preserves primordial features, 
despite the degree of aqueous alteration on the parent 
body. CM chondrites of heating stage I experienced a 
secondary thermal event, lower than 300°C [2], 
which is consistent with the preservation of primitive 
martensitic metal without development of plessite 
[3]. 
   Chondrites of category B range from heating 
stage II to III. Their most distinctive characteristic is 
common occurrence of lamellae or blebs in 
pyrrhotite. This texture formed by decomposition of 
monosulfide solid solution into pyrrhotite and 
pentlandite [4]. Monosulfide solid solution is stable 
above 200°C [5], which is consistent with the 
estimated temperatures for heating stage 
300-750°C [2]. It was suggested that pentlandite is 
an aqueous alteration product [e.g., 6]. After the 
aqueous alteration and subsequent metamorphism, 
pyrrhotite and secondary pentlandite formed 
 mo osulfide solid solution, which later decomposed 
to form the observed blebs and lamellae during 
cooling. 
   CM chondrites of category C belong to heating 
st ges III and  I  V, which experienced secondary 
eating to >500°C [2]. The very low abundance of 
pentlandite indicates that pentlandite decomposed to 
form metal. However, if pentlandite decomposed, 
Ni-sulfide is expected to have formed, but it is not 
observed in CM chondrites of category C. It has been 
suggested that tochilinite also decomposed in these 
heated chondrites [2]. The iron released from 
tochilinite would have changed the bulk composition 
of the opaque mineral assemblage, leading to the 
formation of pyrrhotite, kamacite and Ni-rich metal. 
Conclusions: 
   Our observations indicate that the characteristic 
features of  Fe-Ni metal and sulfide minerals in CM
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chondrites reflect secondary heating after aqueous 
alteration. Although most CM chondrites were 
subjected to aqueous alteration, some primordial 
metal survives in CM chondrites. The characteristic 
features of this metal resemble those of metal in 
highly primitive chondrites, such as Acfer 094.
References: 
 [1] Rubin A. E. et al. (2007) GCA, 71, 
 2361-2382.  [2] Nakamura T.  (2005).J.  Min. Petr. Sci., 
100, 260-272. [3] Kimura M. et al. (2008) Meteorit. 
Planet.  Sci., 43, 1161-1177. [4] Francis, C.A. et al. 
(1976) AM, 61, 913-920. [5] Kelly, D.P. and 
Vaughan, D.J. (1983)  Min. Mag., 47, 453-463. [6] 
Hanowski, N. P. and Brearley, A. J. (1996) Meteorit. 
Planet. Sci., 31, A57-58.
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Grouping of Yamato HED meteorites based on 26A1 contents. 
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    When a single meteorite block enters to 
atmosphere of the Earth, sometimes the meteorite 
block is broken to several pieces. Therefore 
number of meteorite falls is not equal to number of 
meteorite pieces.  Pairinv, of meteorite is important 
information to discuss the frequency of meteorite 
falls. 
    HED meteorites are considered that they are 
from asteroid 4Vesta  [1, 2]. More than  170 HED 
meteorite specimens were collected from Yamato 
Mountains region. There are many studies about 
pairing of Antarctic HED meteorites. [3] and [4] 
studied pairing of Yamato eucrites and howardites 
based on chemical compositions of their constituent 
minerals. [5] discussed about  pairing of Yamato 
eucrites based on  8'  Kr ages. [6] and [7] discussed 
about pairing of Yamato eucrites using  '4C  ages. 
    In this study,  grouping for 47 Yamato HED 
meteorites is discussed based on the  Al26 contents 
with one sigma error.  Al26 content data of 46 
Yamato HED meteorites were obtained from [8]. A 
new data of  26A1 content in Y-82082 (Eucrite) was 
determined by accelerator mass spectrometry (AMS) 
analysis. 
 26A1 contents in 6 Yamato howardites were 
from 60 to 89 dpm/kg. They were  grouped into 3 
groups (Ho-A, Ho-B and Ho-C) based on  26A1 
contents (Table  1).  26A1 groups of Yamato 
meteorites Y-790727 was grouped into both Ho-A 
and Ho-B groups. 
 26A1 contents in  15 Yamato diogenites were 
from 54 to 90 dpm/kg. These diogenites were 
grouped into 5 groups (Di-A, Di-B, Di-C, Di-D and 
Di-E) based on 26A1 contents (Table 2). Y-74125 
was grouped into both Di-B and Di-C groups. 
Y-74013, Y-74648 and  Y-74011 were  grouped into 
both Di-C and Di-D groups. Y-74010 was  grouped 
into both Di-D and Di-E groups. 
    Y-74097 and  Y-74013 are grouped into Di-C in 
this work (Table 2). The '4C terrestrial ages of 
these meteorites agree within error [7]. '4C age 
shows Y-74013 and  Y-74136 are pair [7]. But  26A1 
contents of these two  diogenite samples in this work 
did not agree within one sigma error (Table 2). This 
may cause by discrepancy between production rate 
for  26A1 and it for  14C. Each of sample of this work 
and that of [7] is from different site in Y-74136 
specimen. In this case, the production rate of 26A1 
may be characterized by depth of a meteorite block 
or by chemical compositions. 
    26A1 contents in 26 Yamato eucrites were from
64 to 100 dpm/kg. These eucrites were grouped 
into 8 groups (Eu-A, Eu-B, Eu-C, Eu-D, Eu-E, Eu-F, 
Eu-G and Eu-H) based on  26A1 contents (Table 3). 
Y-792510 and Y-82082 were grouped into both  Eu-B 
and Eu-C groups. Y-793548 and Y-790020 were 
grouped into both Eu-E and Eu-F groups. Y-74450 
was grouped into both Eu-G and Eu-H groups. 
Y-82049 and Y-793547 were grouped into both of 
Eu-G and Eu-H groups. 
    We discussed grouping Yamato eucrites based 
on  2'Al contents with groupings based on chemical 
compositions of their constituent minerals [4] and 
 8'  Kr ages [5]. (1) Y-792510 and  Y-791186 are 
grouped into Eu-B group in this work (Table 3). (2) 
5 Yamato eucrites (Y-75015,  Y-75011, Y-793548, 
Y-790020 and Y-74450) were grouped into Eu-E in 
this work (Table 2). (1) and (2) were consistent 
with results  of  [4] and [5]. 
    Eu-B and Eu-D groups include polymict 
eucrites, monomict eucrites, and  ordinary eucrites 
(Table 3). Eu-C, Eu-F and Eu-G groups include 
polymict eucrites and ordinary eucrites. Eu-H 
group includes polymict eucrites and ordinary 
eucrites and a cumulate eucrite. Di-B, Di-D and 
Di-E group include diogenite (A) and diogenite (B) 
(Table 2). Thus  groups of Yamato  HED meteorites 
based on  26A1 contents in this work didn't always 
gree with their lithology. Single meteorite blocks 
f these samples may be heterogeneous. 
    47 Yamato  HED meteorites are grouped into 16 
groups based on  26A1 contents, 3 groups for 
howardites, 8 groups for eucrites and 5 groups for 
iogenites.  When grouping of these meteorites 
based on the  -6A1 contents with two sigma error was 
discussed, the results were similar to  grouping by 
 26A1 contents with one sigma error. These results 
may show that  HED meteorites fell 16 times in the 
Yamato Mountains region. However some groups 
in this work were inconsistent with [4], [5], [7], and 
their lithology (Table 2 and 3). The terrestrial ages 
of these meteorites by  26A1 gives a possible solution 
of this discrepancy. For precise dating of terrestrial 
ages, the contents of major chemical elements in 
sample meteorites are required. Because  2A1 
production rate in meteorites relates to contents of 
major chemical compositions. So the information 
of major chemical compositions in meteorites is 
important for dating terrestrial ages and/or grouping 
of meteorites (pairing). 
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 Tablel. Grouping of Yamato  howardites based on  26AI contents.
meteorite name
recovered
weight 191
 Ixl
26AI  content
 ldpm/kg]
 howardite
 On
 1-10-A
groups
 2A1
 lo-13
based
 110-C
Y-793497 69.06 59.9 ± 1.5
 Y-791962 299.65  78.0 ± 2.1
 Y-791573 134.33  82.7 ± 2.1
Y-790727  120.42  85.5 + 1.3
Y-7308  480  88.1 + 2.4 0
 Y-82052 70.32 88.5  ± 2.6
^••
 X16  Y
arnato howardites are grouped into 3 groups  (110-A, Ho-B and Ho-C) based on 
 Table2. Grouping of  Yarnato diogenites based on  26 AI contents.
 "'AI  contents
.
meteorite name lithology*LI9
recovered
 weight  01
1=41
'6
Al  content
 Icipm  kg  1 1 Di-A  1)i -R
diogcnite groups
based on  2°A1
Di-C Di-1i-D
14C 
age 171 
!kyr]
 Y-791  I  94  129.73 54.4  1.3
 Y-791000 13 90.4  68.1 1 4
Y-74037 A 591.9 69.0 1.1
 Y-791199 13
 
121.88 69.1  0.9 C
 Y-74125 A 107 71.1 2.1 C  0
Y-74097 A 2193.9 74.1  1.2  (1;  19+2
Y-74013 A 2059.5 75.3  2.1 16+ 1
Y-74648 A 185.5 76.9 1.7
 Y-74011 A 206 77.4
77
Y-75032 189.1  77.7 1.6
 Y-791200 51.58 78.3  2.0
 Y-74136 A 725 80.4 1.9 (1  17  ±  2
Y-74010 A 298.5  83.4 2.1
 Y-791422  13  61.8  85.5 1.5
Y-692 A  138 89.6 3.4  C
 *1 A
: characteristic  granoblastic texture; B: characteristic intermediate composition between diogenites and  eucrites. 
 *2 15  Y
amato  diogenites are grouped into 5 groups (Di-A, Di-B, Di-C,  Di-D and  Di-E.) based on  2'Al contents. 
Table 3. Grouping of Yamato  eucrites based on  Al26 contents.
meteorite  namelitholol4y"
recovered
 weight
 [g]
26A1  content
 idpmikg]
 eucrite groups based on  2"Al
 !Flu-A Eu-B Eu-C  Eu-D Eu-E  Fu-G Eu-H
 eucrite  LJ,roups based on
chemical composition of their
constituent minerals 01
A  13 C  D E
 eucrite groups
based on  I  Kr age
A  BCD E J
Y-790266 ordinary 208.0 63.9  ±  1.2 ED C
 Y-790122  polymict  109.54 69.3 + 1.2 C C
 Y-791186  monomict 99.58 69.5 + 1.9 C C
Y-792510 ordinary 608.73 71.3  ± 1.2  0  C CD
Y-82082 ordinary 662.28 71.8  + 1.7 CD c
Y-790260  polymict 433.9 72.9 + 0.9
C
Y-794043  monomict 88.69 76.5  ± 2.0
CC
Y-793591 ordinary 661.80 76.9 + 1.8
Y-792769 polymict 4232 78.1  +  I.1 CD CC
,--
 Y-791826 ordinary 115.35 79.8  J 1.5 C
Y-75015  polymict 166.6 82.9  .1 0.8 C C
 Y-7501  1  polymict 121.5 83.2  3- 0.8
 ( C C
Y-793548 polymict 62.33 84.8  + 1.9  C C C C
Y-790020  polymict 86.2755 84.9  + 2.0  0  (1 C
Y-790007  polymict 80.38 86.1  + 1.9  CC CD C
Y-74450  polymict 235.6 86.5  r 3.1  (C C
 Y-793164 ordinary 123.88 86.9  ± 1.4
 Y-74159 polymict 98.2 90.3  + 1.5
 Y-791192  polymict 364.10 91.9  + 1.4
 Y-791960 ordinary 299.65 92.0  1 2.0
Y-82049  polymict  115.35 93.7 + 1.4  C  C
Y-793547  polymict  54.4 94.3  + 2.3 C C
 Y-82091 ordinary 108.35 96.5  ± 1.8 CC  C
Y-82066 ordinary 191.4 96.6 1 1.7
Y-794002 ordinary 105.9 97.7  + 2.5
 Y-791195  cumulate 100.29 100.0 + 2.0
 26Yamato  eucrites are  grouped into 8  groups  (Eu-A Eu-B,  Eu-C,  Eu-D,  Eu-E,  Eu-F,  Eu-G and Eu-H) based on
'6
 Al co tents.
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Genetic Model for Equilibrated and Unequilibrated Chondrites. A. A. Marakushev, N. G. 
Zinovieva, and L. B. Granovsky, Department of Petrology, Geological Faculty, Moscow State 
University, Leninskie Gory, Moscow 119992, Russia (zinov@geol.msu.ru)
The results of detailed studies [1, 2] indicate 
that chondrites are fragments of primitive 
iron-stony planets. Chondritic planets were 
produced as the iron-stony cores of nearsolar 
giant planets under the effect of gravity, 
simultaneously with the separation of silicate 
satellites under the effect of the centrifugal 
force. This took place in the evolution of 
Saturn and Jupiter. In contrast to them, 
nearsolar planets lost their fluid envelopes, 
and their molten iron-silicate cores 
transformed into iron-silicate planets, 
including chondritic ones. These planets 
underwent explosive breakup and thus gave 
rise to asteroids and meteorites. Explosions 
were produced by hydrogen fluids that were 
concentrated in the Ni-Fe cores of the planets 
during their evolution within the parent giant 
planets under the extremely high pressures of 
their hydrogen envelopes. The evolution of 
the chondritic melts started under this 
pressure (protoplanetary stage) and ended in 
small chondritic planets (planetary stage), 
before their breakup into asteroids and 
meteorites. 
The protoplanetary stage dominated in the 
evolution of chondritic magmatism and 
included the exsolution of the magmas into a 
Fe-rich matrix and silicate chondrules under 
the tremendous fluid pressure, whose traces 
are left in the crystallization of the diamond 
and moissanite (C + SiC) assemblage in the 
matrix of all chondrites. The pressure 
required for the crystallization of this 
assemblage was reached in the solar system 
only in the core of giant planets, and the fluid 
character of this pressure follows from the 
abundance of hydrogen inclusions in tiny (no 
larger than 10 nm) diamond grains. The 
fluids have high  136Xe/134Xe  = 1.04 (in 
diamond from carbonaceous chondrites), 
which is analogous to this ratio in the 
atmosphere of Jupiter [3] (Galileo data 
obtained in 1996). The determined similarity 
between the values provides direct evidence 
of our aforementioned concept [1, 2] that
chondritic planet were formed as the high-
density cores of nearsolar giant planets 
similar to Jupiter The analogous ratio of the 
solar wind is as low as 0.80. 
The composition of fluid envelopes of the 
parent giant planets was modified under the 
effect of the Sun. Selective hydrogen loss 
from these planets and a decrease in the 
hydrogen/water  (H7/H20) ratio controlled 
th  redox state of the produced chondrites. 
The dependence of this ordinary 
(predominant) chondrites is described by the 
r action of removed equilibrium (written 
using normative-mineral formulae) 
 0.75Mg1 6Fe0.4SiO4 +  0.25Mg0.8Fe0.7SiO3  + 
 +0.35Feo  93Ni0.07+0.25H20=Mg1.4Feo.6Siat 
+  0.35Fe0.75Nio  25 + 0.25H2. The shift of the 
re c ion to its right-hand side corresponds to 
succession of all major types of ordinary 
chondrites: HH-H-L-LL. In each of these 
types, the matrix and chondrules reached 
equilibrium, as is shown in the upper 
diagram in the figure. Equilibrium relations 
make these chondrites similar to terrestrial 
plutonic rocks and thus warrants referring to 
them as plutonic chondrites. 
The transition from the protoplanetary to 
planetary stage was accompanied by the 
rapid loss of hydrogen from the fluid 
env lopes of the parent planets and, 
c sequently, a rapid decrease in the 
 1-12/H20 ratio of the fluids. This shifted the 
reaction  MgSiO3 + Fe +  H2O  =  MgFeSiO4  + 
+  H2 toward its right-hand side with the 
corresponding enhancement of the oxidized 
state of the matrix. However, chondrules 
formed earlier under reduced conditions 
were preserved under these new conditions 
and thus predetermined the unequilibrated 
character of the chondrites. Unequilibrated 
f atures are shown by enstatite, ordinary, 
and carbonaceous chondrites (bottom 
diagram in the figure). Their highly 
magnesian chondrules occur in matrices 
corr sponding to a wide range of redox 
conditions.
33 —
The average water and carbon contents (in wt 
%) in chondrites: H  (H20=0.27,  C=0.01) — E 
 (H20= 0.62, C=0.29) — C3  (H20=1.00, 
C=0.46) reflect the involvement of carbon 
oxides in the evolution of the fluid regime 
 (4H2+2C0  =2H2O+CH4+C and others) and 
explain why chondrites contain carbon, 
hydrocarbons, and organic compounds 
whose concentrations are at a maximum in 
carbonaceous chondrites [4]. 
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Figure. Models for the origin of equilibrated and 
unequilibrated chondrites from the parental  MgSiO3  + 
Fe melt under the effect of H2/H20 fluids. Open 
circles correspond to the average compositions of 
chondrites, solid circles are the composition of their 
chondrules and matrix (connected by tie lines) and the 
compositions of Fe-rich chondrules in the matrix of 
carbonaceous chondrites. Chondrite symbols: HH, H, 
L, and LL are ordinary chondrites, E are enstatite 
chondrites, and C3 carbonaceous chondrites. 
The planetary evolutionary stage was 
marked mostly by the crystallization of 
chondrites. This stage was characterized by a 
low total and fluid pressure. However,
d fferences between equilibrated and 
unequilibrated chondrites are, again, clearly 
pronounced. Equilibrated chondrites 
crystallized (slowly and at lower 
temperatures) under elevated fluid pressures, 
perhaps, within planets that still had not 
c mpletely lost their fluid envelopes. In 
contrast to them, unequilibrated chondrites 
consolidated at fast quenching and contain 
zonal crystals and volcanic glass and are 
thus named volcanic chondrites by analogy 
with volcanic rocks. 
The postmagmatic transformations were 
the most intense in carbonaceous chondrites. 
Their most strongly modified types are C2 
and  C  1, which differ from C3 chondrites in 
having higher concentrations of water and 
carbon C3  ---> C2 (H20 = 13.23, C  = 2.44) 
 —>  Cl  (H20  = 20.54, C = 3.62). This 
highlights the secondary nature of carbon 
contained in carbonaceous chondrites, with 
this element concentrated in the course of 
hydrothermal transformations. The primary 
magmatic minerals are preserved in C2 and 
 Cl chondrites only as relicts. 
The explosive breakup of chondritic 
planets into asteroids and meteorites was 
accompanied by the generation in the 
chondrites breccias, secondary-glass 
veinlets, and ultrahigh-pressure minerals 
(ringwoodite, wadsleyite, and majorite). As 
it was demonstrated in [5, 6], these minerals 
genetic differ from ultrahigh-pressure 
minerals (diamond and moissanite) that 
crystallized in chondritic magmas under the 
pressure of the fluid envelopes of their 
parent giant planets. 
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Y984028 Lherzolitic Shergottite: A New Antarctic Find Likely Paired with 
Y000027/000047/000097. T. Mikouchi, W. Satake, and T. Kurihara, Department of Earth and 
Planetary Science, Graduate School of Science, University of Tokyo, 7-3-1 Hongo, 
Bunkyo-ku, Tokyo 113-0033, JAPAN  (mikouchi@eps.s.u-tokyo.ac.jp).
  Introduction: Y984028 is a small Antarctic 
meteorite (12.34 g) that was recently classified as a 
lherzolitic shergottite  [1]. Lherzolitic  shergottite is a 
well-defined group of shergottites that is 
characterized by the presence of poikilitic textures 
composed of large pyroxene oikocrysts enclosing 
olivine chadacrysts  [e.g., 2]. Lherzolitic shergottites 
show similar petrology and mineralogy as well as 
identical crystallization and exposure ages within the 
group [e.g., 2-4]. Most lherzolitic shergottites have 
abundant poikilitic areas, and interstitial basaltic 
areas are volumetrically minor. Recently, new 
shergottites have been found that contain abundant 
basaltic areas similar to olivine-phyric shergottites, 
but include large pyroxene oikocrysts. similar to 
lherzolitic shergottites [e.g., 2]. These new 
shergottites are geochemically distinct from 
 lherzolitic shergottites, suggesting an origin from 
different reservoir(s) [e.g., 5-7]. This implies that the 
formation of poikilitic textures may be common from 
parent magmas of shergottites [8]. The discovery of 
these new shergottites has also raised the necessity of 
a new group name for lherzolitic shergottites and [8] 
proposed "pyroxene oikocrystic" shergottite. 
Therefore, the discovery of a new lherzolitic 
shergottite is important to better understand the 
petrogenesis of this Martian meteorite group as well 
as the relationship to other groups. In this abstract we 
report preliminary results of mineralogy and 
petrology of Y984028 and compare with other 
Yamato lherzolitic shergottites to explore the 
possibility of their pairing. We also discuss its 
petrogenetic relationship with other  lherzolitic 
shergottites that are likely to have originated from 
the same igneous body on Mars  [e.g., 2]. 
  Petrography: The thin section studied 
 (Y984028,31-1) is dominated by a single large 
poikilitic pyroxene crystal  (-11 x 10 mm) enclosing 
rounded olivine (usually  —0.5 mm in size, up to  1.5 
mm) and euhedral chromite grains (up to 0.2 mm) 
(Fig. 1). The oikocrystic pyroxene exhibits broad 
twinning bands up to 2 mm wide that are partially 
faulted probably due to shock. Olivine shows brown 
color under optical microscope although the degree 
of coloring varies from one crystal to another. This 
brown color would be formed by shock due to the 
precipitation of Fe-rich nano-particles in olivine  [10]. 
There are olivine grains showing a hollow texture, 
suggestive of resorption by the  surrounding, magma. 
Chromite is scattered within the oikocryst and 
sometimes present as composite grains. Small 
anhedral maskelynite (up to 300  pm in size) is rarely 
present in the  pyroxene oikocryst. No kaersutite 
amphibole was found in the poikilitic  area.
  There are areas displaying interstitial basaltic 
textures that sandwich the pyroxene oikocryst (Fig. 
 1). In these non-poikilitic areas, olivine is the most 
abundant phase whose typical size is 0.5-2 mm, 
which is larger than that in the poikilitic area. Some 
livine grains show euhedral shapes.  Maskelynites 
are also abundant in non-poikilitic areas. They show 
anhedral shapes and their sizes are usually up to I 
mm. Pyroxene is a minor component in 
non-poikilitic areas and present as small grains 
usually up to 0.5 mm. Merrillite is present 
exclusively in non-poikilitic areas associated with 
maskelynite. Opaque phases are chromite, pyrrhotite 
and rare ilmenite. 
  Shock effect in Y984028 is extensive as suggested 
by the presence of maskelynite. A shock melt vein 
with the width of about 0.2 mm is cutting the section 
 near the boundary between the poilitic and 
non-poikilitic areas (Fig. 1). It is composed of 
fine-grained lithic fragments. Thinner shock melt 
veins (-0.1 mm wide) are present in the oikocryst, 
which is similar to those in Y000047  [2,11]. 
  Mineral chemistry: The pyroxene oikocryst in 
th  poikilitic area is chemically zoned from the 
Ca-poor core  (En75Wo3) to the Ca-Fe-rich rim 
 (Eno6Wo1()). The enrichement of Ca and Fe is also 
obs rved in the interior of the oikocryst. Augite is 
present as patches along the oikocryst rim, but some 
are present in the interior associated with 
maskelynite. The chemical composition of augite is 
not showing a wide range  (En53Wo34-En.49Wo39) 
compared to those of low-Ca pyroxenes. Olivine in 
the oikocryst shows a small  compositonal variation 
from one grain to another  (Fa,4_31), but the small 
variation is also observed within large grains (Fig. 2). 
We did not see a clear correlation between the olivine 
composition and the location in the oikocryst. 
Maskelynites in the oikocryst show chemical zoning 
ranging from  An590r1 to  An460r,. but they do not 
show systematic zoning patterns. Chromites in the 
oikocryst are Cr-rich and show a narrow 
compositional range (1 wt%  TiO2, 5-8 wt%  A1703, 
24-27 wt%  FeO, 54-58 wt%  Cr103). 
  In non-poikilitic areas, almost all phases show 
slightly evolved mineral compositions compared to 
those in the poikilitic area. Olivine in non-poikilitic 
areas shows narrower variation  (Fa-,9_3.3). Maskelynite 
in non-poikilitic areas also shows slightly Ab-rich 
co positions  ranging, from  An,70r1 to  An400r,. The 
pyroxene composition in the non-poikilitic areas 
shows that they are pigeonite and augite. No 
pyroxene having an orthopyroxene composition 
 (Wo._  5) was found. The compositional range of 
 pigeonite ranges from  En6,7Woo to  En60Wo15. Augite
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in non-poikilitic areas is compositionally similar to 
that in the poikilitic area. Chromite in non-poikilitic 
areas is zoned towards the rim of ulvospinel-rich 
component (1-16 wt%  TiO2 and 58-27 wt% Cr203). 
Merrillite contains 3 wt%  MgO, I wt%  Fe0 and 2 
wt%  Na,O, but large areas of merrillite gave poor 
totals probably due to alteration. 
  Discussion and conclusion: There are two known 
lherzolitic shergottites in the Antacrtic meteorite 
collection from Yamato Mountains [e.g.,  2,12]. They 
are Y793605 and Y000027/Y000047/Y000097 
 (Y00s). It is important to know if Y984028 is paired 
with these samples. YOOs are similar to  Y793605 in 
petrography, but there are slight differences in 
mineral compositions, suggesting that they are not 
paired [2]. The overall texture of Y984028 is similar 
to both Y793605 and  YOOs. The presence of shock 
melt veins with tiny lithic fragments is found in all 
three samples. Although kaersutite is known in some 
 lherzolitic shergottites, it is absent in these samples. 
However, Y984028 is more similar to YOOs because 
merrillite is absent in Y793605. The mineral 
compositions of Y984028 give further similarities to 
YOOs rather than Y793605. Although their pyroxene 
compositions arc nearly identical among three 
samples, we could find a clear difference in their 
olivine compositions. Olivine is useful to estimate 
degrees of re-equilibration as well as comparison of 
each sample because fast Fe-Mg diffusion rates in 
olivine record subtle difference in cooling history. 
The olivine composition of Y793605 extends to  Fay,. 
Such Fe-rich olivine is not present in either Y984028 
or  YOOs. Similarly, the most Mg-rich olivine in 
Y793605 is  Fa,(, which is clearly more Fe-rich than 
those in Y984028 and YOOs  (Fa2.4). Since all the 
constituent phases in Y984028 have nearly identical 
chemical compositions to those in  YOOs, we consider 
that Y984028 is likely to be paired with  YOOs.
 When we compare Y984028 with other  lherzolitic 
shergottites, again olivine composition is a useful 
indicator because there is only small difference in 
pyroxene, maskelynite and chromite compositions 
both in major and minor elements [2]. There are clear 
variations in olivine compositions among lherzolitic 
shergottites probably due to different degrees of 
re-equilibration. The olivine compositions of YOOs 
and Y984028 are most similar to LEW88516, 
Y793605 and  NWA1950 among lherzolitic 
shergottites as they display slight chemical zoning in 
in ividual grains and clear compositional differences 
are observed between poikilitic and non-poikilitic 
areas. Their compositional ranges (poikilitic, Fa24 31 
and non-poikilitic, Fa30  33) are distinct from those of 
other samples, denying the pairing with any other 
known samples (Fig. 2). Probably,  YOOs and 
Y984028 were located near the similar levels with 
LEW88516, Y793605 and NWA1950 in the same 
igneous body [2]. Thus, the discovery of Y984028 
further supports the hypothesis that all known 
lherzolitic shergottites with abundant pyroxene 
oik crysts originated from the same igneous body. 
  Acknowledgment: We thank NIPR for organizing 
th  Y984028 consortium and providing the sample. 
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  Fig.  1 (left). BSE image of Y984028. At the lower 2/3 a 
large pyroxene oikocryst encloses olivine grains. The upper 
 1/3 is a non-poikilitic area, where olivine and maskelynite are 
abundant. Small bright spots are mainly  chromite. The second 
brightest phases are olivine. Pyroxenes are medium-grey 
phases. Maskeynites are abundant dark phases in the 
 non-poikilitic area. Arrows show a shock melt vein. 
  Fig. 2 (above). Compositional variation of  olivines in 
lherzolitic shergottites. Y984028 and YOOs show nearly 
identical compositions, indicating that they are paired. PA: 
poikilitic area. NPA: non-poikilitic area.
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New shergottites, Y980497 and Y984028, from the Yamato Mountains. K.  Misawal, R. C.  Greenwood' I. A. 
 Franchi2, H.  Kaiden', and H.  Kojimal.  'Antarctic Meteorite Research Center, National Institute of Polar 
Research, Tachikawa, Tokyo 190-8518, Japan  (misawa@nipr.ac.jp),  2PSSRI, The Open University, Walton Hall, 
Milton Keynes, GB-MK7 6AA, UK
  Introduction: Among 4100 meteorite samples 
found by the 39th Japanese Antarctic Research 
Expedition  (JARE) party,  Yamato 980497 (hereafter 
Y980497) and Y984028 are newly identified as an 
olivine-phyric  shergottite [1] and a lherzolitic 
shergottite [2], respectively. 
  On 4th Dec 1998, Y980497 (8.71  gram in total 
weight) was collected on the bare ice field near the 
 Minami-Yamato Nunataks (Fig.  1). Y980497 is 
covered with fusion crust and porphyritic olivine 
grains up to 2 mm are easily  recognized (Fig. 2a). 
The Y980459 (olivine-phyric shergottite, 82.46 gram 
in total weight) and Y980497 meteorites were 
collected in a small area,  suggesting they are paired. 
  On  11th Jan 1999, Y984028 (12.34 gram in total 
weight) was collected in the bare ice field a few km 
north from the northern end of the JARE IV 
Nunataks (Fig. 1). The collecting  site is almost 
identical to the area where the Y000027/47/97 
lherzolitic shergottites (total  weights=39.5  I gram) 
were found [3]. Y984028 is partly covered with 
fusion crust. The surface of the meteorite has been 
physically eroded and shock-melt veins are 
recognized (Fig. 2b).
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Fig.  1. Sampling sites of Y980497 and Y984028 shergottites.
Fig. 2. Photographs  of  (a) Y980497 olivine-phyric shergottite and 
 (b) Y954028 lherzolitic shergottite.  Cube=l  cm'.
  Oxygen isotopes: Oxygen isotopic compositions 
were determined for Y980497 and Y984028 by the 
method described in [4]. A sample of the olivine-
phyric shergottite Y980459 was also analyzed for 
comparison. Analyses of each sample clearly show 
that Y980497 and Y984028 are Martian in origin 
(Fig. 3). 
  In terms of oxygen isotopic composition, there is 
a good possibility that Y984028 and Y000027/47/97 
are paired. Although there is a slight  difference in 
the measured isotopic compositions among and 
between Y980459 and Y980497 samples, this is not 
probably significant. This difference could be 
explained by the presence of Antarctic weathering 
products. Antarctic weathering is known to shift the 
primary isotopic composition of meteoritic samples 
to lighter values and therefore might also explain the 
slightly lower  6180 and  A170* values of Y984028 and 
Y000027 compared to the samples analyzed by 
Franchi et al. [4]. 
  Y984028 Consortium: We organized a mini-
consortium study for Y984028 to better understand 
its crystallization history, to make comparison with 
other Martian meteorites, especially with the 
Y793605 and Y000027/47/97  lherzolitic shergottites, 
and to constrain evolutional history of Mars. Our 
ongoing plan for the Y984028 mini-consortium is 
summarized in Table 1. Apart from polished thin
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sections (PTSs), samples weighing 2.085 gram were 
allocated. 
  Seven PTSs using sub-samples  ,31 (2.2 gram) 
and ,51 (1.1 gram) were prepared. The section ,31-2 
shows poikilitic and non-poikilitic textures with 
shock-melt veins up to 400  i..tm in width and shock-
melt pockets (Fig. 4a). In poikilitic areas, low-Ca 
pyroxene crystals up to 10 mm in size enclose 
brown-colored olivine and chromite grains, and 
maskelynite is rarely observed. As shown in Fig. 4b 
the section ,51-1 shows a typical poikilitic texture. 
Large pyroxene oikocrysts enclose rounded olivines 
and chromites. Small amounts of maskelynite are 
present. A shock melt vein (400  prn in width) cutting 
across the middle of the section is also observed.
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Fig. 3. Oxygen  4170*  vs.  6.180 diagram for shergottites. All data 
were obtained by the Open Univ. Lab.  A170* (per  mil) represents 
linearized format of [5] using a slope value of 0.5247.  Y00 and 
other shergottite data are from  [3, 6] and recalculated. Martian 
Fractionation Line:  A170*—  +0.301+0.013.
Fig. 4. Photomicrographs of thin 
(width=2 cm) and  (b)  Y984028,51-1 
polarized light.
sections of (a)  Y984028,31-2 
 (width=1.3 cm). Transmitted
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Table  1. Yamato 984028  Iherzolitic  shergottite mini-consortium plan
sample investiaator  affiliation connections mass remarks
Y984028,21 
Y984028,31 
Y984028,32 Paul Warren 
Y984028,33 Larry Taylor 
 Y984028,34 Susanne  Schwei 
 Y984028,35 Vincent Chervier 
 Y984028,36  Jutta Zipfel 
Y984028,37  Mitsuru Ebihara 
Y984028,42 Larry  Nyquist 
Y984028,43 Susanne  Schwei 
Y984028,44 Nabil Boctor 
Y984028,45 Darby Dyar 
Y984028,46  Eiji  Ohtani 
 Y984028,51 
 Y984028,70 Ian Franchi 
Y984028,71 Kuni  Nushiizumi 
Y984028,72 Keisuke Nagao 
Y984028,73 Kuni  Nishiizumi 
 Y984028,74 Darby Dyar 
 Y984028,90 
 Y984028.91 Larry Taylor
NIPR 
NIPR 
UCLA 
Univ. of Tennessee
Susanne  Schwenzer LPI  ('Open Univ.)
Univ. Arkansas 
 Senckenberg Forschungsinstitut 
TMU 
NASA-JSC
Susanne  Schwenzer LPI  ('Open Univ.)
Carnegie Inst. 
Mount  Holyoke College 
Tohoku Univ. 
NIPR 
Open  Univ. 
UCB 
Univ. of Tokyo 
UCB 
Mount Holyoke College 
NIPR 
Univ. of Tennessee
Hap McSween, James Day, Richard Walker
U. Ott, Simon Kelley, M.Anand
Don Bogard, Chi-Yu Shih, Jisun Park 
U. Ott, Simon Kelley, M.  Anand
Makoto Kimura
Richard Greenwood
Han  McSween
0.904 
 2.200 
0.094 
 0.160 
 0.082 
0.066 
0.152 
0.147 
0.845 
0.051 
 0.013 
0.064 
0.030 
1.075 
0.093 
0.061 
 0.060 
0.057 
0.087 
0.077 
 0.023
interior chips, preparing homogeneous powder 
PTS 
bulk chemistry, from  ,21 
bulk chemistry, Re-Os isotope and  PGEs, from  ,21 
bulk chemistry, from  ,21 
Li, Mg and Fe isotopes, from  ,21 
bulk chemistry, from  ,21 
bulk chemistry, from  ,21 
 Rb-Sr, Sm-Nd, Ar-Ar ages, Ar isotope 
N isotope, noble gases, Ar-Ar age 
volatile abundances, interior chips with sawn surface 
reflectance, emittance,  Raman, and  Mossbauer spectroscopy 
high-pressure phases 
PTS 
 0 isotope, interior chips 
CRE, interior chips 
noble gases, interior chips 
CRE,  exterior chips with FC 
reflectance, emittance, Raman, and  Mossbauer  spectroscopy 
sawn dust 
maim- element bulk  chemistry. from .90
Table (continued)
total 2.085
 sample
 
investiaator affiliation connections
 Y984028,31-1 
 Y984028,31-2 
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Carbon and chlorine contents of the Libyan desert silica glass compared with volcanic 
obsidian.  Y. Miura. Div. Earth Sci., Graduate School of Sci. & Eng., Yamaguchi University, 
Yoshida 1677-1, Yamaguchi, 753-8512, Japan.  yasmiura@yamaguchi-u.ac.jp
Introduction: 
   The Libyan Desert Silica Glass (LDSG) is 
tektite of quenched silica  glass with meteoritic 
inclusions of impact reaction  [1,  2], though other 
related impact data and its related impact crater are 
not reported so far. The present purpose of the paper 
is to elucidate detailed features of carbon (C) and 
chlorine  (C1) elements of the LDSG with by the XRF 
and ASEM analyses.
Analyses of carbon and chlorine contents: 
  Analyses of C and  Cl contents in solids are 
usually difficult to obtain due to any 
contamination during sample preparations. 
Three methods are applied to check as bulk 
And in-situ analyses of the XRF, IR and the FE-SEM 
methods [3] in this study.
Analytical results: 
   The XRF bulk data with the EDX analysis 
shows significant amounts of C (ca. 4wt. % CO2) of 
the LDSG samples. Carbon contents are checked by 
IR bulk analysis which is used as bulk analyses of 
the geo-standard samples. To avoid any 
contaminations of thin section sampling, the 
analytical scanning electron microscopy (ASEM) is 
applied to obtain differences in composition and 
texture as follows: 
1) Bulk XRF data indicates high silica with minor 
amounts of C, Na, K,  Cl, Mg, Fe and Ca (Fig. 1), 
which is different with volcanic obsidian glasses 
without any C and  Cl contents (Fig.2). 
 L1)SG
 LDSG (minor  elements) 
 4 
 Fig.l. Bulk XRF data of the LDSG tektite sample 
with major Si (very  high silica) and minor C, Mg, Al, 
K, Ca and Fe 
contents  .
Fig.2. Bulk XRF data of 
Japan and USA [3]  wit] 
contents without C content.
        0 0                    -,... 
of two obsidian samples of 
 with relatively lower silica
2) Bulk FE-ASEM data with elemental mapping 
method indicates high silica with minor amounts of 
Na, K,  Cl and Ca, together with in-situ FE-ASEM 
analyses of inclusions C, Na, Cl, K, Cr and Fe (Fig. 
3), which is different with volcanic obsidian glasses 
without any C content (Fig.2).
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Fig.3. ASEM data of inclusions of the LDSG 
tektite sample with C, Mg, Al, K, Cr and Fe.
3) The highest C contents (ca.43 wt. % CO2) with 
high silica (Fig. 3) are found in inclusions and 
radiated silica texture with minor contents of Na,  CI 
and K (Fig. 4).
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Fig. 4. ASEivi  pnoto or irregular silica  LIThU sample.
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4) The highest  Cl contents  (ca.11 wt. %  CI; Fig. 3) 
are mainly obtained in dendritic texture with high 
contents of Na and Si, 0 and minor amounts of K 
(Fig.5).
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 rig.  1-V,M pnoto of dendritic texture of silica 
LDSG sample taken by author [3]. 
5) Carbon contents are changed with its texture from 
radiated and dendritic to homogeneous flat features. 
6) There are fine inclusions of Fe oxides in radiated 
textures.
Interpretation of analytical data: 
  The present analytical data are explained as 
follows [3, 4]: 
1) High carbon contents which are obtained at 
quenched texture of radiated and cracked feature, are 
considered to be evidence of impact reactions. 
2) High  Cl contents with Na elements indicate 
characteristic remnants of sea-water composition 
during impact reaction, which are material evidence 
of  Cl and Na-rich sea-water impact process. 
3) The present analytical data are summarized as 
follows: 
 a) the LDSG is not direct impact material on dry 
lands by meteoroids with carbon. 
 b) the LDSG are formed by impact reaction 
among silica-rich crustal rocks, meteoroids and 
sea-water.
Summary: 
  The present study can be summarized as follows: 
1) The LDSG tektite shows quenched textures with 
significant carbon and chlorine contents which are 
new evidences of impact reaction on ocean impact of 
the LDG sample. 
2) XRF bulk data of the LDSG tektite and volcanic 
obsidian samples are different with major elements 
contents in the same XRF analytical method. 
Acknowledgements: 
  Author thanks for sample and discussion for Dr. 
Tanosaki in this study.
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Formations of quenced akaganeite and Fe-Ni oxides of various meteorites and carbon blocks of the Barringer 
crater. Y.  Miura, Inst. Earth  Sciences, Graduate School of Science & Engineering, Yamaguchi University, Yoshida 
1677-1,  Yamaguchi, 753-8512, Japan,  \  asmiurap  vamaguchi-u.ae.  jp 
Introduction: 
   Quenched chlorine  (Cl) -bearing akaganeite and 
iron-nickel (Fe-Ni) oxides are not reported for various 
meteorites (included for Antarctic meteorites) and 
meteoritic impact craters  [1,  2,  3,  4,  5]. 
   The purpose of this paper is to elucidate chlorine 
 (CO-bearing akaganeite and Fe and Ni phases 
originated from meteorites (including Japanese 
samples) and mixture of target rocks at the Barringer 
crater (USA) by the FE-SEM with EDX analyzer 
(JEOL7000F), Yamaguchi, Japan  [1-5].
Table  1. Akaganeite (Fe, Ni, Cl-rich) compositions at 
Nio, Kuga,  Mihonoseki,  Takamatsu (Japan), 
Carancas (Peru) and NWA869 samples  [5].
 Samnle Texture Remarks
Formations of akaganeites in meteorites: 
   Chlorine  (C1)-bearing akaganeites  are found at 
various meteorites of  Nio, Mihonoseki, Carancas and 
NWA869 chondrites and  Kuga iron  meteorites in this 
study (Table 1). 
    Several Antarctic meteorites of chondrites are 
checked quickly in those fusion crusts, but 
characteristic flake textures of akaganeite are not found 
due to less chlorine contents. 
    Lunar and Martian meteorites found on Antarctica 
and Earth are also checked in those fusion crusts, but 
less chlorine contents do not form characteristic flake 
textures of akaganeite in this study so far. 
   Artificial formations of quenched akaganeite are 
obtained in author's laboratory with less small and 
Cl-contents. Main difference between artificial 
akaganeite at laboratory chemical reactions and 
meteorites are content of carbon which originally from 
explosive captures of meteorites and air in the 
meteorite samples. 
   Recently author describes akaganeite from 
spherules of  Takamatsu  crater in Japan [5], which is 
explained by secondary formation from first meteoritic 
akaganeite with flake texture [5] (Table  1). 
   In short, there are three types of akaganeite 
formations as follows: 
    1) Fusion crusts  of meteorites: akaganeite shows 
      flake texture at atmosphere, which main 
       compositions  are collected from meteorites. 
   2)  Artificial  formation: akaganeite shows small 
      texture without carbon (and sometimes 
      chlorine), which main compositions are 
       starting elements. 
   3)  Secondary  formation: akaganeite shows 
      crystalline textures which  are difficult to its 
       original sources.
 1) Formation of  quenched  jUsion  crusts.. 
 Nio,  NWA869 Fine needle Rosettes 
 Mihonoseki 
  Kuga, Carancas Fine fiber Rosettes 
 Barringer crater Fine flake Rosettes 
2)  Secondary formation: 
 Takamatsu  Crystalline shape from akaganeite 
3) Special chemical reaction: 
  Artificial Crystalline needle shapes 
Formations of akaganeites in the Barringer crater 
   Carbon blocks of  the Barringer crater (USA) 
shows aggregates of irregular grains of carbon, Fe-Ni 
oxides and carbon with Fe-Ni as shown in Figs  1 to 5. 
    Impact reactions of the Barringer carbon blocks 
are summarized as follows: 
 1) Carbon blocks consist of three blocks as 
      a) pure carbon (with trace Fe and Ni), 
      b) Fe and Ni oxides as very fine grains 
      c) Carbon with minor Fe and Ni. 
   2) There blocks  are not direct from mineral and 
       texture of iron meteorite. 
   3) Micro-diamond carbons are aggregates of 
       very fine carbon grains. 
   4) Akaganeite formed at fusion crusts of iron 
       meteorite are concentrated around the pure 
      carbon blocks during ejecta concentration of 
      cratering with target rock of limestone and 
        sandstone.
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 Fig.2.  FE-SEM electron  micrograph  of  Ll-bearing 
akaganeite (white) and pure carbon block with minor 
Fe and Ni (dark) from the  Barringer crater block taken 
by author (cf.  Fig.1).
Fig.3. FE-SEM electron micrograph of very fine 
aggregates of Fe-Ni oxides in composition from the 
Barringer carbon blocks, USA taken by author.
  NONE  COMPO  15.001  X2:1,000 I  urn WD  9  3 Am 
 Fig.5. FE-SEM electron micrograph of Cl-bearing 
akaganeite with flake texture at the Barringer carbon 
block taken by author (cf. Fig.4).
Summary: 
   The present results are summarized as follows: 
1) Akaganeites are classified as three formation 
    processes. 
2) The Barringer carbon block consists of three 
   aggregates during impact.
Acknowledgements: 
   Author thanks to Drs. T. Kato and T. Tanosaki, 
for dissussion.
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Fig.4. FE-SEM electron micrograph of  Cl-bearing 
akaganeite with flake texture at the Barringer carbon.
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Noble Gases of Yamato 984028 Lherzolitic Shergottite. 
K. Nagao, Laboratory for Earthquake Chemistry, Graduate School of Science, 
Bunkyo-ku, Tokyo 113-0033, Japan. E-mail:  nagao@eqchem.s.u-tokyo.ac.jp.
Introduction: 
 Yamato 984028  weighing 12.34  g is classified 
as lherzolitic shergottite derived from Mars. It is 
composed of mainly pyroxene,  olivine, and 
maskelynite, containing a shock melt vein. These 
features are similar to other Yamato  lherzolitic 
 shergottites: Yamato 793605, Yamato 000027, 
Yamato 000047, and Yamato 000097  [1, 2]. Among 
the lherzolitic shergottites, noble gas compositions so 
far reported are Y 793605  [3, 4, 5], ALH 77005 [6] , 
LEW 88516 [7], NWA 1950 [8], and Y 000027/97 
[9].
Experimental method: 
     A chip sample weighing 50.4 mg from the 
Yamato 984028 was analyzed for noble  gas 
composition on modified VG5400  (MS-II) noble  gas 
mass spectrometer at the University of Tokyo. The 
sample was stepwisely heated to extract noble  gases; 
temperatures were 400, 600, 800, 1000, 1200, 1400, 
1600, and 1800 °C. Noble gases were purified by 
exposing them on hot Ti-Zr getters, then separated 
into 4 fractions, He-Ne, Ar, Kr, and Xe by using a 
charcoal trap and a cryogenically cooled trap. The 
analytical method is described in [9].
Results and discussion: 
   He is dominated by cosmogenic  He with 
 31-le/4He 0.2, and 78% and 68% of total  He and 
4He
, respectively, were released at 800 and 1000 °C. 
In contrast to the He release at relatively low 
temperature, heavier gases were released at higher 
temperatures with maximum at 1200-1600 °C. These 
release profiles were similar to those for Y000027 
and Y000097 lherzolitic shergottites [9]. Ne at 
temperatures  > 1000 °C is totally cosmic-ray 
produced one with  21Ne/22—e  20.76. The ratio is 
rather low compared with the ratios for Y000027/97 
and Y793605 lherzolites, and might be due to a 
larger contribution of solar cosmic-rays as described 
in [10]. This would be consistent with the small 
recovered mass.  40Ar/36Ar ratios, which were 
corrected for  cosmogenic  36Ar, are relatively high, 
1200 - 1450, at high temperatures 1000 - 1600 °C. If 
we assume total  40Ar as in situ produced radiogenic 
40Ar
, K-Ar age is calculated as  —1100 Ma adopting 
0.0234 wt.% K reported for Y000097  [I  I]. The age is, 
however, rather long compared with the Rb-Sr age of 
about 180 Ma reported for Y000097 lherzolite [12], 
and may indicate a trapped Ar component from 
Martian atmosphere.  
129Xe/13-Xe and  '4Kr/'32Xe ratios are 
plotted in 
Fig. 1, in which the ratios of Martian atmosphere and 
terrestrial atmosphere are also shown. EFA means 
elementally fractionated atmosphere observed in
University of Tokyo,
meteorites recovered in hot and cold deserts  [13]. 
Carrier of the EFA seems to be weathering products 
produced on the Earth. Shergottites are generally 
plotted along the line labeled as "shergottites", or in 
the area between the shergottite line and a line 
through terrestrial atmosphere and EFA. Data points 
for Y984028 plot in a narrow area close to EFA, with 
small excess in 129Xe at high extraction temperatures 
 (>1200 °C). This indicates a presence of small 
amount of Martian atmospheric component in this 
meteorite in addition to the Martian atmospheric Ar. 
    Data points for Y000027 and Y793605 
obtained in our laboratory are also plotted for 
comparison. The trajectory of Y984028 is similar to 
that for Y000027, but different from that of Y793605 
 Y000097, which is paired with Y000027, also show 
very similar trajectory as shown in  [9].
Fig. 1.  129Xe/I32Xe is plotted against  84Kr/'32Xe. 
EFA is heavily fractionated terrestrial 
atmosphere probably trapped in weathering 
products produced in hot and cold deserts [13] . 
Small contribution of Martian Xe to the EFA is 
observed. Both Y984028 and Y000027 show 
similar patterns.
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    Fig. 2 shows a plot of  36Ar/132Xe versus 
 84.,r  /132Xe for each extraction temperature step. The 
two trajectories for Y984028 and Y000027 are 
similar, but that for  Y793605 is different from others. 
The similarities may indicate that the Y984028 and 
Y000027/97 are paired.
10,000
A
61, 2749-2757. [8] Christen F. et al. (2005) Antarct 
Meteorite Res. 18, 117-132. [9] Nagao K. et al. 
(2008) Polar Sci. 2,  195-214. [10] Garrison D.H. et al. 
(1995) Meteoritics 30, 738-747. [11] Shirai N. and 
Ebihara M. (pers. comm.).  [12] Misawa K. et al. 
(2007) Symp. Antarct. Meteorite XXXI, NIPR, 
Tokyo, 63-64. [13] Mohapatra R.K. et  al. (2002) 
LPSC XXXIII,  #1532.
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Fig. 2. Plot of  "Ar/132Xe versus  84Kr/132)(e. Both 
Y984028 and Y000027 show similar trajectories as 
observed in Fig. 1. While Y793605 has different 
shape of trajectory.
Concentrations of cosmogenic 3He and  711\1e are 790 
and 106  (x10-1° ccSTP/g). Because chemical 
composition of Y984028 is not available at present, 
calculation of production rates based on chemical 
composition is difficult. Chemical compositions 
among the lherzolitic shergottites, however, may be 
similar among them. Hence, if we adopt the 
production rates for  lherzolites summarized in [9], 
cosmic-ray exposure age of Y984028 based on the 
3He and  211\1e concentrations is in the range 4-5 Ma. 
The age agrees with those for other lherzolitic 
shergottites. This indicates that all lherzolitic 
shergottites so far measured for cosmogenic nuclides 
originate from a single impact event occurred on 
Martian surface. .
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Chemical Characteristics of the Lunar Meteorite Northwest Africa 2200. 
H.  Nagaokal, Y.  Karoujil, T. Arai2, M. Ebihara3 and N.  Hasebel, 
 Research Institute for Science and Engineering, Waseda University, Tokyo 169-8555, Japan 
 (hiroshi-nagaokaCtasagi.waseda.jp), 2Planetary Exploration Research center, Chiba Institute 
of Techology, Chiba 275-0016, Japan,  3Department of chemistry, Tokyo Metropolitan 
University, Tokyo 192-0397, Japan.
Introduction: Northwest Africa (NWA) 2200 
collected in the Atlas Mountains, Morocco in August 
2004 is a completely crusted 552 g stone  [1]. This 
meteorite was classified into feldspathic breccia 
consisting of coarse, grayish-to-whitish lithic and 
mineral clasts in a darker glassy-to-finely crystalline 
matrix [2]. Kuehner et al. [2] reported that most 
feldspathic clasts contained in NWA 2200 are derived 
from ferroan anorthosite lithologies. A preliminary 
report of the bulk chemical data was given by 
Nagaoka et al. [3]. 
  In this study, we determined major, minor and 
trace element composition of NWA 2200 by neutron 
activation analyses, and aimed to characterize the 
meteorite chemically as well as  petrographically in 
comparison with those of other feldspathic lunar 
meteorites and lunar rocks returned by the Apollo 
 missions. 
Samples and Analytical Methods: A 233 mg lump 
specimen was used in this study. The lump sample 
was first analyzed by neutron-induced prompt 
gamma-ray analysis (PGA). After PGA, the sample 
was split into several chips. One of the chips (77.0 
mg) was pulverized in a clean agate mortar, and 
some portion (40.5 mg) was used for instrumental 
neutron activation analysis (INAA). A total of 30 
elements were determined by PGA and INAA. 
Results and Discussion: Our compositional values 
for NWA 2200 were mostly consistent with those of 
Korotev et al. [4] except for several elements such as 
 FeO and Ni. Our value of  FeO (4.26  %) is about 8 % 
higher than those of Korotev et al.  [4], and our Ni 
value (290 ppm) is significantly higher than that of 
Korotev et al. [4] (175 ppm). Such a difference 
indicates that NWA 2200 is a  heterogenous breccia. 
It is thought that the portion analyzed in this study is 
more contaminated by outside materials such as mare 
basalt and extralunar materials than that of Korotev 
et al. [4]. 
 Major elements: The concentrations of major 
elements in NWA 2200 fall in the range of kno- wn 
feldspathic lunar meteorites. The Mg# (100  x 
Mg/(Fe+Mg) = 59.2) in NWA 2200 is low among 
those of feldspathic lunar meteorites (57 - 80). The 
concentrations of major elements in NWA 2200 are 
consistent with those for Apollo ferroan anorthosites 
or ferroan noritic anorthosites (Table 1). The major 
element composition of NWA 2200 indicates that this 
meteorite originated from ferroan anorthosite or 
ferroan noritic anorthosite lithologies.
Table 1. Bulk compositions of NWA 
ferroan anorthosites or ferroan noritic 
Apollo samples [in wt.  %].
2200 and  some 
anorthosites of
 NWA 2200
This 
 work
141
15363 
 151
62236 
 151
62237 67455c 
151  151
A120, 
 FeO 
 Nig() 
 Ca() 
 Na()2 
 N1g#
30.1 
(0.2) 
4.26 
 (0.01) 
3.47 
 (0.54) 
16.6 
(0.6) 
0.325 
 (0.001) 
59.2
3.95
0.330
28.0 
4.76 
3.85 
16.8 
0.288 
 59.0
30.1 
3.67 
3.55 
17.6 
 0.215 
63.3
29.6 
5.89 
5.11 
16.3 
0.205 
60.7
32.3 
2.62 
1.31 
18.1 
0.42 
47.1
Values in parenthesis indicate uncertainties due to counting 
statistics  (1n). [4] Korotev  et  al., (2008). [5] Heiken  et  al., 
(1991).
 Previous study reported that NWA 2200 contains a 
small percentage of ophitic or quench-textured mare 
basalt clasts [2]. Figure 1 shows the variation of 
concentrations of  FeO +  MgO and  A1,03 among 
 feldspathic lunar meteorites. Feldspathic highland 
materials are significantly richer in  Al and Ca, and 
poorer in Fe and Mg than basaltic mare materials. 
The  FeO and  MgO concentrations in NWA 2200 are 
relatively low in comparison with those for other 
feldspathic lunar meteorites. Although some 
mafic-rich clasts are found in the sample,  FeO and 
 MgO contents are low, indicating that their 
contribution to the bulk sample is small.
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Fig. 1.  A1,03 vs.  FeO+MgO in  feldspathic lunar meteorites. 
The brecciation types of the feldspathic lunar meteorites 
are cited from Table  1 of Korotev [6].
Siderophile elememts: Kuehner et al. [2] reported that
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NWA 2200 includes irregular grains of metal (with 
 —10-45 wt. % Ni) and schreibersite  (-5 wt.  % Ni). 
Concentrations of siderophile elements in NWA 2200 
are higher than those for most feldspathic lunar 
meteorites (Fig. 2). This is consistent with the 
peterographical report. The brecciated lunar 
meteorites and the matter found in the upper few 
meters of the Moon contain extralunar meteoritic 
material from impacts of countless micrometeorites 
and some crater-forming meteorites [6]. The Ir 
concentration of NWA 2200 is equivalent to a 
component of 3.1 wt.  % CI chondrite. High 
concentrations of siderophile elements in NWA 2200 
suggest that this meteorite is categorized as regolith 
breccia.
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Fig. 2. Variation of Ni and  Ir among feldspathic lunar 
meteorites. The solid line represents the Ni/Ir ratio of CI 
chondrites [7]. Symbols are the same as Fig.  1. 
 Several impact melt spherules of a few tens 
micron to a hundred micron in diameter are found in 
the matrix (Fig. 3) in this study. The presence of 
impact melt beads and agglutinate-like materials in 
the breccia matrix also indicates that the meteorite is 
a regolith breccia. The cosmic ray exposure record 
[8] shows that the meteorite was ejected from a depth 
of 50-100 g/cm3, which is comparable to 30-60cm 
deep. The shallow burial depth is consistent with the 
origin of regolith breccia.
are shown in Fig. 4. In this study, concentrations of 
La, Sm, Eu, Yb and Lu were determined by INAA. A 
concentration of Gd is interpolated by Sm and Yb 
values. The average values of reported bulk 
compositions of other feldspathic lunar meteorites 
are also plotted in Fig. 4. NWA 2200 has a typical 
REE abundance among feldspathic lunar meteorites. 
REE concentrations in DaG262 and Dhofar 026 are 
similar to those in NWA 2200. However, the 
heavy-REE in NWA 2200 (Sm/Yb = 1.56) show the 
steeper trend than those for most feldspathic lunar 
meteorites (-1.02 — 1.43) in Fig. 4. 
 If we assume the precursor material of this 
meteorite is a ferroan noritic anorthosite with 11 ppb 
Th (62236 [9]) and a mid-K KREEP component with 
14 ppm Th (15386  [10]), then 0.42 ppm Th of NWA 
2200 is attributed to a mixture of KREEP component 
up to 2.9 %.
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Fig. 4. Concentrations of rare earth element in feldspathic 
lunar meteorites normalized to CI values [7]. 
Summary: The bulk chemical composition of NWA 
2200 indicates that this meteorite (1) is a regolith 
breccia, originated from ferroan anorthosite or 
ferroan noritic anorthosite lithologies, (2) contains a 
small amount of mare basaltic materials, although the 
mare basaltic clast was found by mineralogical 
observation, (3) contains typical abundances of REE 
among feldspathic lunar meteorites. However, this 
meteorite shows the steep heavy-REE depletion in 
 chondrite-normalized REE abundance pattern 
compared with other feldspathic lunar meteorites. 
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 Introduction 
 Our lunar regolith from NIPR thin section set is 
originated of an impact crater from the Moon. For 
understanding of impact  cratering of Earth is very 
important the investigation of shocked lunar 
meteorites. The Y-794046 is a primitive achondrite, 
which is an impact derived inclusion of an H5 
achondrite, which age of melting of parent body is 
3,9 billion years.  111 The lunar  regolith breccia was 
sampled by JARE 27 (1982-1983) expedition, 
which coated by fusion crust 121. Detailed 
investigation about this impact breccia made by 
Koeberl et al. (1990)  [31, they derived from lunar 
highland, far from Ibrium mare. The  Asuka-881757 
was found in northeastern Nansen  Field, near 
Asuka station, eastern Antarctica.  12.4.51. Koeberl 
et al. [5] concluded that it is a metamorph-
recrystallized VLT basalts with  unequilibrated 
composition. The shock stages are shown  after 
 Stoffler  [6] on Table 1.
 Shock  Stage  Effects  resulting  from  general  shock  Effects  resulting  from  local  P-
              pressure T excnrsions 
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   Table 1: Shock stages fter  StoffIc
 Shock  Mirnmum temp. 
Pressure increase  (T) 
 (Gpa)
Shock stages fter  Stof ler  (1991)
 Samples and Experimental Procedure 
 The mineral assemblages and textures were 
characterized with a Nikon Eclipse  LV1OOPOL 
optical microscope using plane- and cross-polarized 
light modes (at the  Eotvos  Lordnd University of 
Budapest, Hungary).
Results and Discussion
 Yamato 86032 (lunar meteorite,  regolith breccia) 
 The sample is crossed across by shock vein. In 
microscope observed minerals are in range 70% 
feldspar (after literature  anorthite), 20% pyroxene 
(mainly orthopyroxenes) and 10 % olivine.
 Fig. 1. Photomicrograph  of lunar breccia  Yamato-
86032 in transmitted light. (made in LRG,  ELTE, 
Hungary) The flow structure and clasts with variable 
lithologies can be well observed. 
 This is commonly. that the boundary of clasts and 
phenocrysts in matrix have inclusions, and 
penetrated. The sizes of clasts are between  1 and 5 
mm. This sample is a polymict breccia with more 
lithologies. After the color, would detaches to three 
lithologies: light gray and middle-gray clasts, and a 
dark matrix showing flow-structure. (Why is 
interesting this phenomena? It is, because there is a 
same flow structure in a thin section of a sample 
from Crater Bosumtwi, observed by Coney et al.) 
 171.
 In the matrix there are rounded grains with 
penetrated boundary, their size is between 30 and 
70  pm, the modal composition is commonly 
feldspar, rarely olivine, orthopyroxene and 
clinopyroxene. 
 The feldspars in matrix show strong mosaicism, 
and some feldspars are isotropic, (maskelynite), 
(S5-S6 shock stage according to  Stoffler scale) The 
pyroxenes are commonly mechanical twinned. 
 The clasts show variable litologies: (1) there are 
the spinifex-like textured clasts, which were 
crystallized from an impact-derived melt pocket. 
(S5-S6 shock stage according to the  Stoffler scale) 
(2) And there are strongly brecciated clasts, the 
feldspars show wavy and mosaic extinction. (3) The 
other clast type is a granular anorthosite clast, 
wherein the feldspars and pyroxenes show strongly 
mosaicism, and in feldspar are isotropic patches. In 
this clast was observed impact melting too.
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Asuka-881757 (lunar meteorite, gabbro)
 Fig. 2. Photomicrograph of lunar  gabbro meteorite 
 (Asuka-3  1) in transmitted light with crossed polars. 
(made in LRG, ELTE, Hungary). The width of picture is 
6,5 mm. The white grains are maskelynites, (A) the light 
brown grains are pyroxenes, and the middle-brown grains 
are the olivines. The opaque grains are troilites, which 
presence as inclusions and veins. On the lower part of the 
sample (dark brown part) was the pyroxene melted, the 
boundary of grain is penetrated, and there are symplectite 
(B).
 The sample is extra coarse-grained, with granular 
texture. The size of pyroxene 1,2 mm, the size of 
the plagioclase is between 2 and 4 mm, the size of 
olivines are between 2 and 3 mm. The 3 mm-sized 
olivine grain is whole alterated to hexagonal shape, 
smaller-sized aggregation, and have worm-like 
intergrowth with pyroxene,  i. e. symplectite. This 
recrystallized part was suggested to have S5-S6 
shock stage according to the  Stoffler scale. Where 
the mineral is strongly fractured, it shows weaker 
interference color. The whole lath-shaped 
plagioclase is isotropic confirming the presence of 
the diaplectic glass, i.e. maskelynite. This suggests 
that the meteorite is of S5 shock stage, according to 
 Stoffler scale.  16]. The pyroxenes are strongly 
mechanically twinned. In the whole sample the 
minerals show common wavy extinction, according 
to minimum S3 shock-metamorphic stage in 
 Stoffler stage. A section of our sample is crossed 
through by several shock veins and opaque grains 
(troilite) also occur inside the shock veins. 
 Yamato-794046 primitive achondrite 
 The texture of this sample is microgranular, 
(equigranular and poikilitic), in some places 
brecciated. The sample is crossed trough by shock 
veins. At the localities where the partial melting 
was  stronger, the phenocrysts have 
hypidiomorphous (in some places xenomorphous) 
shape. The pyroxenes and olivines are rounded, and 
they enclose polisynthetic-twinned feldspars. 
 The shock veins have reddish-brown color in 
transmitted light, suggesting a terrestrial effect. The 
size of the olivines and pyroxenes is between 30 
and 60  km, the size of feldspars is between 30 and
100  pm. The smaller feldspars are isotropic, they 
were altered to maskelynite. Near the grain-
boundaries there are melt films that show partial 
melting (S6 shock stage). Where the grain-
boundaries are more penetrated, there is the shock 
stage higher  [6].
 Conclusions 
 The investigated samples were strongly shocked, 
in all samples, we observed impact melting. The 
Asuka 881757 sample is less melted, than Y-86032, 
which indicates that it was farther from the impact 
event than Y-86032. The whole Y-794046 was 
recrystallized. The Y-86032 was melted, but 
contains relict clasts from the target rocks. The best 
preserved sample was the Asuka-881757, in which 
the partial melting was very low degree, and only 
symplectites refer to the partial melting as products. 
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Introduction: The ringwoodite (y-phase olivine) 
was firstly identified in Tenham meteorite in  1969. 
During the last 40  years, ringwoodite has been 
determined in many other meteorites especially in 
L-type chondrites. Ringwoodite may coexist with 
wadsleyite  ((3-phase olivine) which has a pale fawn 
colouration  11-41. The ringwoodite formation have 
take place in shock-induced melt veins, which 
contain the matrix of mixtured glassy and other 
high pressure mineral polimorphs. The colour of 
ringwoodite varies between the  meteorites, between 
different ringwoodite bearing aggregates. and even 
in one single aggregate  1  I. We provide our optical 
observations about the ringwoodite  aggregates in 
the shock-induced melt veins of NWA 5011 
meteorite, and about the micro-Raman spectroscopy 
identification.
Sample and Experimental Procedure: The 
polished thin section of NWA  5011 meteorite was 
prepared with  30-i.tm in thickness.  The mineral 
assemblages and texture were characterized with a 
Nikon Eclipse  LV100POL optical microscope. 
Raman spectra were recorded with a Renishaw Rm-
2000 Raman spectrometer attached to a Leica 
DM/LM microscope. The laser wave lenght was 
785 nm, with focused energy of 8 mW. The 
microscope has focused the excitation beam into a 
 1-1.tm diameter spot.
1  em
Fig. 1. The  hand specimen  of NWA 5011 meteorite. 
On the left  side occur a  2-nun  wide shock-induced 
 melt  vein.
The NWA  5011 meteorite was found in  Morocco, 
in 2005. The most characteristics  features are on the 
hand specimen the shock-induced melt veins, which 
some of them reach 5-mm wide (Fig. 1). The main
modal components are:  pyroxene, olivine, 
 maskelynite?, and opaque phase. The pyroxene 
grains occur as  euhedral, tabular grains, with high 
density cracks. The weathering rate for the sample 
is W3. The olivine occur as euhedral or subhedral 
grains, and colorless.
Discussion: In the NWA  5011 meteorite the  olivine 
grains transform in partly and/or complete to 
ringwoodite. They have vary colors from dark blue 
to pale blue. Most of times they occur as mineral 
assemblages in the shock-veins (Fig. 2). However, 
some grains occur as a large monocrystal, which are 
more than 100-pm long, and 50-pm wide. In the 
case of large monocrystals the transformation is 
almost complete. The transformation mechanism of 
olivine to ringwoodite is most probably to 
beginning of the nucleation of growing crystallites 
during the release of shock-pressure 151. The 
characteristic  granular texture of transformed 
ringwoodite assemblages might have represents this 
mechanism. In some cases the edges of ringwoodite 
grains occur as glassy boundaries. It is interesting 
to note, that shock-veins which have in the central 
part of the  sample, we didn't identify ringwoodite, 
on the other hand at that shock-veins that lie in 
outer region of the bulk rock contain  abundant 
 ringwoodite aggregates. In the high-pressure phase 
transitions the kinetic factor is very important, 
therefore require high temperatures to overcome the
large activation barriers 
have been higher than in
[5]. This temperature 
the static experiments.
rate
Fig. 2. Plane-polarised 
 ringvoodite assemblages in 
shocked meteorite.
light 
the
 111i  c ro  g  ra  ph  of 
NWA 5011 highly
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We didn't observe ringwoodite lamellae in host 
olivine grains. The ringwoodite crystallites are in 
excess of  10-pm in size. The NWA  5011 is an L6 
chondrite with a complex shock-induced melt-
veins, that suggests that the rock was a highly 
porous breccia before shock. 
Raman spectroscopy identification: According to 
the [6, 71, the main vibrational peaks are at 799 and 
844  cm-I for ringwoodite. In our spectrum (Fig. 3), 
both vibrational peaks are present at 797 and 845 
cm respectively.
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Fig. 3.  Raman spectrum of dark blue ringwoodite 
 aggregate  from the NWA 5011 meteorite. 
We didn't observe raman peaks of wadsleyite  ((3-
phase olivine). We observed strong fluorescence at 
low Raman shift in the case of dark blue 
ringwoodite too, as it was detected by  151. 
Conclusion: The NWA 5011 meteorite is a basic 
type rock with S6 shock-stage. The ringwoodite 
assemblages reflect the high pressure and 
temperature environment. We want to investigate in 
details the shock-veins environment by EMPA, and 
SEM, and understanding the formation mechanism 
and know the physical conditions of ringwoodite in 
this sample. 
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MET00432: A saponite-rich highly-altered unique CM carbonaceous chondrite. T. 
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Introduction: 
    CM carbonaceous chondrites  exhibit a variety 
of mineralogy depending on the degrees of aqueous 
alteration and thermal metamorphism  [e.g.,1]. 
However,  marry phyllosilicate-rich CMs have 
mineralogical signatures in common: matrix hydrous 
phases are serpentine, cronstedtite, and tochilinite, 
dominant carbonates are calcite and dolomite, and 
magnetite is not abundant. As a course of analysis 
of more than 40 CM samples, we found MET00432 
CM chondrite with a unique mineralogy that set it 
apart from typical phyllosilicate-rich CM chondrites. 
Results and Discussion: 
    Field-emission scanning electron microscopy 
(FE-SEM) of two polished sections ( >  lcm- in total 
area) indicates that chondrule / matrix areal ratio is 
much smaller than unity and size of chondrule ranges 
typically from 0.2 to  1.0 mm in diameter. Therefore, 
overall texture is similar to other CMs such as 
Murchison and Murray. Chondrules are highly 
altered: many of them are almost entirely replaced by 
phyllosilicates, while some retain Mg-rich olivine 
phenocrysts. 
   Matrix mineralogy is distinct and differs from 
most of CM chondrites. Synchrotron X-ray 
diffraction analysis of matrix shows that it consists of 
abundant saponite and magnetite, moderate amounts 
of dolomite, pyrrhotite, and pentlandite, and minor 
amounts of serpentine. Three  100-micron size 
particles of matrix were analyzed and all the three 
samples show similar diffraction patterns. Saponite 
001 spacings range from 13.2 to 13.5 angstrom. 
   FE-SEM observation indicates that framboidal 
magnetite abundantly occurs in the matrix. 
Individual magnetite crystals show variable 
morphology and grain size. In some framboids, the 
size of magnetites varies more than two orders of 
magnitude. In addition, large  magnetite crystals 
include many small magnetite crystals, suggestive of 
 multi-stage formation of magnetite. 
   Carbonates are dolomite and calcite. The 
former is much more dominant than the latter. They 
occur ubiquitously in matrix and range in size from 5 
to 30 microns. Dolomite contains 3-4 wt%  FeO 
and  4-5 wt% MnO, while calcite contains several % 
 FeO. Textural evidence suggests that dolomite 
formed earlier than calcite. Some large dolomite 
contains small magnetite framboids and the dolomite 
serves as nucleation sites of small magnetite crystal. 
This textural relationship suggests that dolomite 
formed earlier than magnetite framboids. 
   Sulfides are pyrrhotite and pentlandite and both
minerals occur roughly in equal abundance. In 
some portion of matrix, pyrrhotite platelets are much 
more abundant and magnetite framboids are less 
abundant compared with other portions of matrix. 
The platelet pyrrhotites are almost free of nickel. 
    Transmission electron microscopy (TEM) of 
matrix shows that large  (>1000 nm in size) 
crys alline phyllosilicates occur in some places in 
matrix. They are composed of both saponite and 
serpentine. On the other hand, fine (< 100 nm) 
low-crystalline phyllosilicates are almost exclusively 
saponite. Small  (<100  nm) pyrrhotite and 
pentlandite particles are dispersed in the matrix. In 
a Si+Al-Mg-Fe ternary diagram, phyllosilicates are 
plotted slightly below the saponite solid solution with 
Mg/(Mg+Fe) ratio of around 0.8. The composition 
is similar to phyllosilicates in Tagish Lake 
carbonaceous chondrite [2]. 
   Matrix of  WIS91600 CM chondrite is also 
investigated by synchrotron X-ray diffraction and 
FE-SEM. It also contains saponite as a major 
phyllosilicate and abundant magnetite framboids. 
Sulfides are pyrrhotite and pentlandite. In addition, 
sulfur-rich aggregates, similar to PCPs, occur in 
many places in matrix. Carbonates are calcite and 
ankerite. Dolomite and pyrrhotite platelets, which 
commonly occur in  MET00432, are absent in this 
meteorite. 
   MET00432 is similar in enrichments of saponite 
and magnetite framboids to Tagish Lake 
carbonate-rich lithology [2],  WIS91600, and Bells 
[3]. Although slight differences are observed in 
carbonate and sulfide mineralogy, the four meteorites 
may constitute an independent grouplet of 
carbonaceous chondrites. In addition to meteorites, 
there are many IDPs and Antarctic  micrometeorites 
that show saponite- and magnetite-rich mineralogy [e. 
g., 4]. These small materials also might have been 
derived from hydrated asteroids with mineralogy 
similar to MET00432.
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                                         roughly consistent with the temperature obtained by
 Introduction: CK chondrites differ from other 
carbonaceous chondrites in showing mineralogical 
and petrographical features suggesting thermal 
metamorphism. Olivine and pyroxene in CK 
chondrites are compositionally homogeneous as 
those in metamorphosed ordinary chondrites. Unlike 
ordinary chondrites, plagioclase is very 
heterogeneous in chemical composition and sizes of 
it are relatively large with no relation to the 
metamorphic degree estimated for the meteorite 
containing it. These unique features of CK chondrites 
suggest that CK chondrites may have been formed 
through unique thermal processes that are not 
revealed until now. In this study, NWA2129 CK3/4 
chondrite was used to reveal the formation processes 
of CK chondrites. 
 Experiments: Chemical compositions of dominant 
constituent minerals were analyzed by EPMA. 
Metamorphic temperature of the chondrite was 
estimated by using pyroxene (Lindsley,  1983), 
olivine-spinel (Fabris, 19792 and Wlotzka, 2005') 
and plagioclase thermometers (J. V. Smith,  19724). 
Areal distribution of plagioclases having different 
chemical compositions and crystal size distribution 
of plagioclase in a polished thin section are also 
investigated to know the origin of plagioclase. 
  Results: Olivine showshomogeneous chemical 
compositions of 33.49(S.D. 0.96) Fa  molar%. 
Ca-rich pyroxene shows the relatively homogeneous 
compositions of  10.6(S.D. 2.5),  42.1(S.D. 2.6) and 
47.4(S.D. 1.3) molar% of Fs, En and Wo components, 
respectively. Ca-poor pyroxene has the compositions 
of 27.9(S.D. 1.1), 71.5(S.D. 1.1) and 0.65(S.D. 0.1) 
molar% of Fs, En and Wo components, respectively. 
In contrast to olivine and pyroxene, plagioclase 
shows very heterogeneous compositions in the range 
between 26.1 and 99.6 An  molar% making a bimodal 
distribution with two peaks at 35-40 and 70-75 An% 
(Fig. 1). Na-rich and Ca-rich plagioclases make 
clusters of each composition and distribute separately 
in a matrix. 
 A pair of Ca-rich and Ca-poor pyroxenes was found 
to contact directly to each other in a PTS. The 
temperature estimated by using Lindsley's (1983) 
thermometer is 578 °C for Ca-rich pyroxene and 593 
 °C for Ca-poor one. Both temperatures agree well 
and show that Ca-rich and Ca-poor pyroxenes are 
compositionally equilibrated. The olivine-spinel 
temperature is estimated by using Fabris's (1979) and 
Wlotzka's (2005) thermometers and temperatures of 
 728+24  °C and  471+31  °C are obtained, respectively. 
The temperature obtained by using Wlotzka's 
thermometer is lower than that obtained by using 
Fabris's(1979) one, however, the temperature is
a pyroxene thermometer. 
The crystallization temperature of plagioclase is 
estimated by using a plagioclase thermometer (J. V. 
Smith,  1972). X-ray and chemical data of the 
plagioclase crystals analyzed for thermometry are 
summarized in Table 1. Fig. 2 shows a plot of 
plagioclase crystals on the relation diagram between 
the  A131 parameter and the temperature of 
plagioclase synthesis proposed by Smith (1972). 
Four crystals are plotted near to the solidus line and 
suggest that they formed at temperatures near to 
1200 °C. The formation temperature of plagioclase is 
much higher than those obtained by pyroxene and 
olivine-spinel thermometers. 
 The histogram of sizes of plagioclase crystals in a 
PTS is shown in Fig. 3 and crystal size distribution 
(CSD) plot is shown in Fig. 4. The histogram forms a  `normal distribution' with a single peak as a whole, 
hereas plagioclase grains vary considerably in their 
chemical compositions. CSD plot of plagioclase 
shows a pattern which drops down in density at 
smaller grain sizes and suggests Ostwald ripening 
growth of plagioclase. 
  Discussion: The temperature of about 600-700  °C 
obt ined by pyroxene and  olivine-spinet 
thermometers is consistent with the temperature 
obtained for type 4 CK-chondrites (Clayton et al., 
 19775; Geiger & Bishoff, 19916; Nakamuta et al., 
 20067). However, the temperature obtained by 
plagioclase thermometer is near to 1200  °C and much 
high r than those obtained by other thermometers. 
Size distribution of plagioclase crystals suggests that 
all plagioclase crystals in a PTS formed as a whole 
through a single process which may be ascribed to 
metamorphism. 
 It is known that a small body with a 10 km radius 
could h ve been heated to a temperature higher than 
1000  °C with  26A1 as a heat source, if the body had 
been made early enough in the history of the solar 
system. Then, it may be possible that plagioclase 
preserves a temperature of planetesimals which may 
have accreted to the CK-chondrite parent body, 
because of difficulty of structural change of 
plagioclase. 
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Table 1.Chemical and X-ray data of plagioclase crystals
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Introduction: 
   Bencubbin and Gujba are classified as  CB, 
chondrites  [1] which are defined by high metal 
contents (40 - 60  vol%;  [1]) and  I5N-rich nitrogen (+ 
700 - 1000  %o; [2-3]). The two CB chondrites exhibit 
chondrules (— 1 cm) and metal grains (> 1 mm) large 
enough to be recognized megascopically. It was 
suggested that the chondrules and metal grains 
formed from a vapor-melt plume produced by a giant 
impact between planetary embryos after dissipation 
of protoplanetary disk based on the young chondrule 
ages (4562.7 Myr) and petrologic observation [4]. 
   Noble gases in  Bencubbin are characterized by 
Ar-rich noble gases  (36Ar/I'2Xe  — 570 - 900; [5]) and 
solar wind like Xe [5]. The Ar-rich gases were 
observed in silicate and metal phases, but not in acid 
residues, which show Q compositions  (36Ar/132Xe 
79; [5]). Silicate globules in Gujba showed high 
concentrations of trapped 36Ar (— 2.8  x  10-6 cm3/g; 
[3]), suggestive of Ar-rich noble gases. However, Kr 
and Xe data were unavailable. 
   We analyzed noble gases in silicate and metal 
phases in Bencubbin and Gujba by stepwise heating 
method so as to obtain complete noble gas data sets, 
which would give constraints for CB chondrite 
evolution.
Noble gas analysis: 
   Large metal grains (> 500  ,im) exhibiting bright 
cut surfaces, which were easily recognized with an 
optical microscope, were picked up from the crushed 
bulk samples and used as metal phases. After 
removal of the large metal grains, fine-grained dark 
materials were gathered and used as silicate phases. 
Synchrotron radiation X-ray diffraction analyses 
showed that silicate phase of Gujba consists of 
olivine, low-Ca pyroxene, and minor amounts of 
phyllosilicate and kamacite (the same would be true 
for Bencubbin). Thus, silicate phases of  Bencubbin 
(79.6 mg) and Gujba (83.4 mg) and metal phases of 
Bencubbin (108.6 mg) and Gujba (98.9 mg) were 
prepared for stepwise heating noble gas analysis. 
   The samples were heated stepwisely from 600 
to 1800 °C with 200 °C intervals followed by 
complete degassing at 1850 °C. Extracted noble 
gases were purified with Ti-Zr getters and separated 
into four fractions (He-Ne, Ar, Kr, and Xe) with a 
charcoal trap and a cryogenically cooled trap. 
Concentrations and isotopic ratios of the noble gases 
were analyzed with a noble gas mass spectrometer 
 (MS-II) at University of Tokyo.
Results and discussion:
  Neon in silicate and metal phases is a mixture of 
trapped Ne and cosmogenic Ne. Trapped  20N  e/22Ne 
ratios are estimated as 9.37 ± 0.29 (Bencubbin 
silicate), 9.60 ± 0.08 (Gujba silicate), 9.70  + 0.10 
(Bencubbin metal), and 9.18  + 0.05 (Gujba metal), 
which are slightly lower than that obtained by Marty 
et al. [6] (10.2 in Bencubbin) and close to that of 
terrestrial Ne (9.8). Since the trapped Ne is observed 
in the higher temperature fractions than 1000 °C, the 
trapped Ne would be indigenous to the meteorites but 
not a contaminated Ne from terrestrial atmosphere. 
  Helium in silicate and metal phases appears to be 
a mixture of cosmogenic He and radiogenic 4He. The 
both phases may contain trapped He, like Ne, but it 
cannot be estimated. 
  Xenon in silicate and metal phases has 
intermediate compositions between solar wind Xe 
and Xe-Q, indicative of subsolar Xe, characteristic 
for enstatite chondrites [7]. The Xe-HL, which is 
hosted by presolar diamonds, is not observed, and 
might have been lost during the parent body 
processes or masked by subsolar Xe. The  129Xe 
excess, which is derived from decay of extinct  1291 
 (T1  2  = 16 Myr), is not observed. Thus, Xe in the two 
CB chondrites is dominated by subsolar Xe. 
  Trapped  20Ne/36  Ar/"Kr/I32Xe ratios are 
54.9/620/1.9/1 (Bencubbin silicate), 63.6/716/2.3/1 
(Gujba silicate), 75.1/860/2.4/1 (Bencubbin metal), 
and 199/639/2.2/1 (Gujba metal), and are "Ar-rich" 
elemental compositions, which are also observed in 
enstatite chondrites [7]. There seems to be no 
difference between elemental compositions of 
silicate and metal phases. 
  Trapped noble gas concentrations in the 
Bencubbin silicate phase are  — 2 times higher than 
those in the metal phase, while trapped noble gas 
concentrations in the Gujba silicate phase are 2.2  -
7.0 times higher than those in the metal phase. The 
Ar-rich noble gases are concentrated in silicate 
phases rather than metal phases. In this respect, the 
CB chondrites are similar to enstatite chondrites [7]. 
   Silicate phases have peaks around 1400 °C in 
release patterns of trapped  36Ar,  "Kr, and  I32Xe (Figs.  
1  a-b). The release peak of trapped  20Ne appears at 
1400 °C in case of the Bencubbin silicate, whereas 
th t of Gujba silicate appears at 800 - 1000 °C with 
small peaks of heavy noble gases. On the whole, 
trapped noble gas release patterns of silicate phases 
are similar to those of enstatite chondrites [7]. On the 
contrary, in the case of metal phases, the release 
peaks show up at 1200 °C except for that of trapped 
 °Ne in the Gujba metal (800 - 1 0 °C) (Figs.  lc-d).
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Ar-rich noble gases in metal phases are located at 
sites less retentive against heating than those in 
silicate phases. 
  Trapped noble  gases in the two CB chondrites are 
similar to those in enstatite chondrites in respect of 
(1) intermediate Xe isotopic compositions between 
solar wind Xe and Xe-Q, (2) Ar-rich elemental 
compositions, (3) silicate phases as a main host of 
Ar-rich noble gases, and (4) high temperature release 
of Ar-rich noble gases. Ar-rich noble gases were also 
found in primitive carbonaceous and ordinary 
chondrites and appear to be hosted by  HC1-soluble 
phases [8-9]. However, release peaks of the Ar-rich 
noble gases are around 1000  °C, and the isotopic 
compositions are Q-like [8-9]. Thus, Ar-rich noble 
gas signatures of the two CB chondrites are different 
from those in primitive carbonaceous and ordinary 
 chondrites.
  Although origin of  "Ar-rich" component is still 
elusive, it is inferred that Ar-rich noble gases  in the 
CB chondrites are similar to those in enstatite 
chondrites in their origin, but different from those in 
primitive carbonaceous and ordinary chondrites.
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   Introduction: 
   The age significance of isotope chronometers in 
basaltic shergottites is still a matter of debate  [1-3]. 
Numerous isotopic data from different isotopic 
systems have been obtained from shergottites. Most 
radiometric ages of shergottites are —180 Ma. 
Bouvier et al. [3] argued that crystallization age of 
shergottites were old (-4.1 Ga), and suggested that 
young ages of shergottites were reset by shock 
metamorphism. We performed shock recovery 
experiments on baddeleyite at the shock pressures of 
24, 34, 47, and 57 GPa, to understand the shock 
effects on U-Pb isotopic systematics of baddeleyite. 
Here we report the results of SEM-CL observation, 
Raman spectroscopy, and U-Th-Pb isotope analysis 
of experimentally shocked baddeleyite. 
 ZrO2 crystallizes in baddeleyite structure 
(monoclinic) under pressure of —4 GPa and 
temperature of —1000 °C [4], and transforms to a 
tetragonal and then to a cubic fluorite structure at 
high temperatures. Baddeleyite is stable at —4 GPa in 
the phase diagram, and, by compression, 
monoclinic baddeleyite shows sequential transition to 
two orthorhombic phases up to 70 GPa [4]. 
   Baddeleyite  (ZrO2) is an important and useful 
mineral for U-Pb dating of lunar and Martian 
meteorites. Baddeleyite retain abundant U, excludes 
initial common Pb, and undergoes negligible Pb loss. 
   Samples and Techniques: 
   The shock recovery experiments were performed 
using a single stage 30 mm-bore propellant gun at the 
National Institute for Materials Science, Japan [5]. 
We used coarse-grained baddeleyite (200-250  p.m in 
size) from Phalaborwa, South Africa, (2059.8 Ma) 
for a starting material. The baddeleyite is mixed with 
a coarse-grained terrestrial basalt sample,  S690-7a, 
from North Kona, Hawaii [6] with a weight ratio of 
1:2. The mixture was encapsulated in a cylindrical 
container made of  SUS304 stainless steel and pressed 
at 29 MPa. We performed four experiments under 
different shock pressure conditions at 24, 34, 47, and 
57 GPa. Porosity of the samples before the shock 
experiments was 26-30  %. 
   Textures of the run products were examined by a 
scanning electron microscope with a cathode 
luminescence detector (SEM-CL; JEOL 
 JSM-5900LV). We analyzed Raman spectra with a 
Micro Raman spectrometer (JASCO NRS-1000) 
operated with a focused green laser beam of a 
wavelength of 531.91 nm and an intensity of 11 mW. 
    In situ U-Th-Pb isotopic analysis was carried
out using a polished section with the SHRIMP II ion 
microprobe at National Institute of Polar Research, 
Japan [7]. An oxygen primary beam  (0,  ) of —2 nA 
current was focused on a spot with a diameter  of  —10 
 !Am. S andard baddeleyite samples, Phalaborwa and 
 FC1 (1099.1 Ma) from Duluth Complex, Minnesota, 
and SL13 zircon were used for age references, and 
for elemental concentrations, respectively. 
   Results: 
   SEM observation 
   A starting material,  S690-7a [6], showed an 
intersertal texture with olivine phenocrysts (-400  [im 
in size) and a finer-grained matrix of pyroxene, 
plagioclase and glasses. Back scattered electron 
images of experimentally shocked samples are 
shown in Figure 1. Textures of the matrices of 
shocked samples at 24, 34, and 47 GPa did not 
change from those of the unshocked basalt. Olivine 
phenocrysts and baddeleyite grains in each shocked 
samples were irregularly fractured. The matrices 
were partly melted around the baddeleyite at the 
shock pressure of 47 GPa. The matrices of sample 
shocked at 57 GPa were totally melted. Numerous 
vesicles (-10-40  µm in diameter) were observed in 
the 47 and 57 GPa samples.
  Figure 1. Back scattered electron 
experimentally shocked baddeleyite. Bd: 
 01: Olivine
images of 
Baddeleyite
   CL images observation 
   A correlation between the brightness of CL and 
the shock pressures was observed. We could not 
observe luminescence in unshocked Phalaborwa 
baddeleyite. Luminescence appeared at the rim of 
baddeleyite grains and along the fractures in the 24 
GPa sample. In addition to the features,
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luminescence at the inner part of baddeleyite grains 
was weakly produced in the 34 GPa sample. In the 
47 and 57 GPa samples, the whole baddeleyite grains 
emit luminescence. 
 Rannan  .spectroscopy 
   The Raman spectra of unshocked  baddeleyite 
include peaks at 177, 333, 477, 616, and 636 cm  I. 
There is no measurable Raman peak shift in the 24 
GPa baddeleyite sample. Raman peak shifts of 2 
cm and 4 cm from unshocked baddeleyite were 
observed in the 34 and 47 GPa samples, respectively. 
 There is no evidence on phase transformation from 
baddeleyite to two orthorhombic phases in the 
Raman spectra. Similar to the result of Bouvier et al. 
[8], the main Raman peaks were shifted under the 
effect of pressure. 
 U-Pb  isotopic  systematics 
   The U-Pb data on shocked baddeleyite along 
with starting baddeleyite are shown in modified 
concordia diagrams (Figure 2). There is no 
correlation between shock pressures and degrees of 
discordancy. Lead loss from baddeleyite was 
observed for none of the experimentally shocked 
samples. In addition, the  '`)Pb-2`)/Pb  ages of shocked 
baddeleyite are indistinguishable from those of 
starting baddeleyite within error  (Figure 3).
Figure 2. Terra-Wasserburg modified concordia 
diagrams.
   Discussion: 
   Deutsh and  Scharer [9]  carried out comparative 
isotope investigation on experimentally shocked 
zircon. In that case, lead isotope fractionation was 
not observed in experimentally shocked samples 
despite equilibrium shock pressures up to 59 GPa. 
 U-Pb and  2''7Pb-206Pb systematics of naturally 
shocked eucritic zircon and experimentally shocked 
zircon were not disturbed by shock metamorphism 
[7,9]. 
   In our case for experimentally shocked 
baddeleyite, despite CL images and Raman spectra 
were changed associate with shock pressure,  U-Pb 
fractionation was not observed for each shock 
pressures.
[Ma) 
2140 
2100 
2060 
2020 
1980 
1940 
1900
[Ma) 
2140 
2100 
2060 
2020 
1980 
1940 
1900
24 GPa
 2051±8 Ma
47  GPa
 2050±10  Ma
 (Ma) 
2180 
2140 
2100 
2060 
2020 
1980 
1940 
1900
34  GPa
 2050-1,12 Ma
   Figure 3.  206'Pb-207Pb ages of experimentally 
shocked baddeleyite. Box heights are 2G.
   If the diffusional behavior of U and Pb in 
b ddeleyite at shock metamorphism is similar to 
zircon, it is possible that the U-Pb system of 
bad eleyite is not disturbed by shock metamorphism. 
On the other hand, if the U-Pb systematics of 
shergottites are disturbed at the time of shock 
metamorphism as Bouvier et al. [3]  suggested, it 
means that the Pb diffusion in baddeleyite is faster 
than that in zircon. There are no published 
experimental data for the effect of Pb or U diffusion 
in baddeleyite. A knowledge of diffusivites of Pb or 
U in baddeleyite is needed for further discussion. 
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Introduction: 
   Since 2005, we have collected and investigated 
micrometeorites (MMs) in surface snow near Dome 
Fuji Station, Antarctica [1]. Up to now, we have 
found  —200 MMs from —400 kg snow. We have 
melted and filtered —100 kg snow retrieved in each 
year. We have processed retrieved snow four times. 
Because we used surface snow that fell within two 
years before sampling, we are able to determine the 
terrestrial age of each retrieved MM with the 
uncertainty of two years. These MMs do not show 
obvious clues of terrestrial weathering, which has 
been already pointed out by the studies of MMs 
collected at the Dome C Station [2]. The average 
diameter of our MMs is —40 which is larger than 
typical sizes of IDPs (5-15  wri) [3]. In this study, we 
call the MMs retrieved from snow "snow MMs" in 
order to distinguish them from MMs recovered from 
blue ice field ("blue ice field MMs") [2]. 
   Our snow MM collection contains large 
anhydrous and hydrated IDPs that fell on the surface 
of the earth. At least a part of the anhydrous IDPs are 
believed to have been derived from comets or 
comet-like icy primitive bodies [3]. On the other 
hand, the hydrated IDPs were probably originated 
from asteroids that experienced aqueous alteration 
[3]. Compared with their mineralogy, variation 
among carbonaceous materials in cometary and 
asteroidal materials is not well understood. The goal 
of this study is to clarify the variation of 
carbonaceous materials in these materials by using 
snow MMs.
Samples and methods: 
   About 100 kg surface unconsolidated snow 
collected near the Dome Fuji Station was transferred 
from Antarctica to the National Institute of Polar 
Research four times (2004, 2006, 2007, and 2008). It 
was then transferred to a clean room (class 1000) at 
Ibaraki University. During transfer, the snow samples 
were kept well below 0 °C. The snow was melted and 
filtered by using a multiple suction filtration system 
in the clean room. Residual particles on the filters 
were picked up and placed on platinum plates under 
a stereomicroscope in a clean bench (class 100) in 
the clean room. The particles were observed by 
scanning electron microscope (SEM) and chemical 
compositions were measured by energy dispersive 
spectrometer (EDS) equipped on the SEM to find 
snow MMs. We have identified  —200 ones. 
   Before we attach each snow MM on a thin (-5 
 p.m in diameter) glass fiber by using acetone soluble 
glue for synchrotron radiation X-ray diffraction
(SR-XRD), all the snow MMs were analyzed by the 
micro-Raman spectrometer in the clean room to 
ob ain spectroscopic data of carbonaceous material in 
them. We used a laser source with the wavelength of 
784.7 nm to decrease the effects of fluorescence 
during micro-Raman measurements. 
   Based on the surface morphology and bulk 
mineralogy obtained by SR-XRD, some snow MMs 
were selected and embedded in epoxy resin. 
Ultrathin sections with —70 nm thick were obtained 
by using an ultramicrotome at  Ibaraki University for 
each MM. More than 40 snow MMs were processed 
to make ultrathin sections. We observed texture of 
the interior of each MM by using the potted butts of 
thes  MMs by a field emission SEM (FE-SEM) at 
University of Tokyo in order to select the least heated 
MMs for detailed Transmission electron microscope 
(TEM) observation at Ibaraki University.
Results: 
   TEM observations: Our snow MM collection 
contains those have been rarely or not found among 
the previous MM collections. For example, there are 
seve al MMs containing GEMS (glass with 
embedded metal and sulfides) grains and enstatite 
whiskers or platelets. Although blue ice field MMs 
contai ing these components have been already 
discovered [4], the anhydrous MMs that have been 
discovered in this study have textures completely 
indistinguishable from those of anhydrous IDPs (Fig. 
1). They are composed mainly of abundant GEMS 
grains, pyrrhotite, olivine, and pyroxenes including 
enstatite whiskers or platelets connected by 
carbonaceous materials coating. The ferromagnesian 
silicates occur as both individual grains and 
polycrystalline aggregates. The latter corresponds to 
polycrystalline aggregates found in anhydrous IDPs 
[5]. Because the fine-grained anhydrous MMs are 
substantially larger than typical anhydrous IDPs, the 
MMs often contain rare minerals such as Na- and 
Cr-rich high-Ca pyroxene [6] and rhoedderite [7], 
both of which have been discovered in some of the 
Stardust samples. Undoubtedly the anhydrous MMs 
are anhydrous IDPs that fell above ground. Because 
the above rare minerals found in the Stardust samples, 
they may have been derived from comets. The 
abundance of the fine-grained anhydrous MMs is 
considerably higher than that among the blue ice 
field MMs containing these components: —5 % and 
 —0.2 %, respectively [4]. 
    We also found several hydrated snow MMs. 
Figure 2 shows that there are both highly porous and 
compact hydrated MMs containing abundant 
saponite.
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Figure 1 A bright-field TEM image of an anhydrous 
MM. Its texture is completely indistinguishable from 
those of anhydrous IDPs.
b
 igure  2  aeconctary images  of hydrated MMs. (A) A 
highly porous hydrated MM. (B) A compact hydrated 
MM. Both of them contain abundant saponite.
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Figure 3 Raman G band parameters  (co0  = center; 
FG  = FWHM) of snow MMs, an anhydrous IDP, and 
CI, and CM chondrites and Tagish Lake meteorite. 
   Raman  spectroscopy: Based on the FE-SEM 
observation of the potted butts of the snow MMs and 
the TEM observation, we investigated relationships 
between mineralogy and Raman spectra of 
carbonaceous materials of the least heated anhydrous 
and hydrated snow MMs. We found that 
spectroscopic parameters such as G-band center 
position and G-band full width at half maximum 
 (FWHM) values are different between carbonaceous 
material in the anhydrous MMs and those of the 
hydrated MMs although there are some overlaps 
between them. We also measured Raman spectra of 
carbonaceous materials in an anhydrous IDP. Its 
parameters overlap with those of the anhydrous MMs.
Hydrated MMs ("SK-snow" in Fig. 3) have the 
parameters similar to those of the anhydrous MMs. 
TEM observation of the MMs revealed they contain 
unusual inclusions having 400- to 800-nm in 
diameter. They are composed of fine-grained (<50 
 urn across) Fe-Ni sulfide grains and phyllosilicates 
 [10].
Discussion and conclusions: 
    Based on Raman spectra, there seems to be 
differences in structure between carbonaceous 
materials in the anhydrous MMs (and an anhydrous 
IDP) and those in the hydrated MMs. The anhydrous 
MMs and an anhydrous IDP have smaller G-band 
center  (coG) values and larger G-band FWHM (FG) 
values than the hydrated MMs (Fig. 3). Raman 
spectroscopy of the snow MMs also supports the 
anhydrous MMs are as primitive as anhydrous IDPs. 
The hydrated MMs have similar values to those of 
hydrated carbonaceous chondrites. The similar 
tendency has been reported by using IDPs, 
carbonaceous chondrites, and Stardust samples 
although they did not distinguish anhydrous and 
hydrated IDPs [9, 10]. In these studies, it is 
suggested that more primitive solar system materials 
show smaller  coG and larger  FG values. These data 
suggest that the anhydrous MMs and an anhydrous 
IDP contain carbonaceous materials that have some 
difference in structure from those in hydrated MMs 
and hydrated carbonaceous materials although there 
are  some overlaps between them. The structural 
differences between them may be related to the 
degrees of the parent body processes. 
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Introduction: 
   Yamato 74013 is one of 29 paired diogenites 
having granoblastic textures [1]. The  39Ar-40Ar age of 
Y-74097 is  — 1100 Ma [2]. Rb-Sr and Sm-Nd ana-
lyses of Y-74013, -74037, -74097, and -74136 sug-
gested that multiple young metamorphic events dis-
turbed their isotopic systems [3]. Masuda et al. [4] 
reported that REE abundances were heterogeneous 
even within the same sample (Y-74010) for sample 
sizes less than  —2 g. Both they and Nyquist et al. [5] 
reported data for some samples showing significant 
LREE enrichment. In addition to its granoblastic 
texture, Y-74013 is characterized by large, isolated 
clots of chromite up to 5 mm in diameter  [1]. Takeda 
et al.  [1] suggested that these diogenites originally 
represented a single or very small number of coarse 
orthopyroxene crystals that were recrystallized by 
shock processes. They further suggested that initial 
crystallization may have occurred very early within 
the deep crust of the HED parent body. Here we re-
port the chronology of  Y-74013 as recorded in chro-
nometers based on long-lived  '7Rb and  147Sm, inter-
mediate-lived  146Sm, and short-lived 53Mn. 
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Figure 1. REE abundances in Y-74013. 
REE abundances: 
   REE element abundances for our sample of 
 Y-74013 were determined by mass spectrometric 
isotope dilution analyses during the earlier investiga-
tion [5]. Combined with data from [3] and [4], they 
illustrate the extent of trace element variability due to 
sample heterogeneity, and provide a useful context 
for the isotopic studies (Fig.  1). Comparing the 
whole rock REE analyses reported by [4] and [5] 
shows close agreement for Lu, Yb, and Eu abun-
dances, but significant discrepancies for the other 
REE. 
   Y-74013 consists almost entirely of opx [6] into 
which the HREE (Heavy Rare Earth Elements) are 
strongly partitioned. That opx dominates the abun-
!1-2  0.1
a_ 
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Y74013 Diogenite
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Figure 2. Sm and Nd abundances in separated phases 
compared to those in a bulk sample  [5]. 
dances of Lu and other HREE in the bulk rock irres-
pective of variations in the modal abundances of mi-
nor mineral components is shown by the good 
agreement of the HREE abundances in the hand-
picked opx sample with those in the bulk samples. 
Good agreement between the Eu abundances in the 
Masuda et al. [4] and Nyquist et al. [5] samples 
shows the two samples contained similar modal ab-
undances of plagioclase, present as a trace constitu-
ent. However, the Masuda et al. sample [4] appar-
ently contained a greater proportion of a second trace 
component with elevated overall REE abundances. 
147143i   Sm-'Ndisochron: 
   Additional bulk samples were analyzed for Sm 
and Nd abundances as part of the isotopic analyses 
(Figs 2,3). Measured Sm concentrations in replicate 
bulk samples (WR, WR2) scatter about that of the 
earlier WR analysis  [5] (Fig. 2), but the Nd concen-
trations give no indication of the LREE enrichment 
found earlier. The new analyses are in general 
agreement with the WR analysis of [3]. These four 
bulk analyses suggest that the comparatively high 
            Dioaenite Y74013
0.30
 60 -
REE abundances reported by [4] were atypical, due 
to an atypically high modal abundance of a leachable 
phase present in the leachate  WR(1) and tentatively 
identified with phosphates.  WR(1) appears initially to 
have been in isotopic equilibrium with  opx, 
represented essentially by the residue after leaching, 
i.e., WR(r) (Fig. 3). These two phases determine an 
isochron for an  age T = 4.65+0.13 Ga and initial 
 ENd,IIEDR  =  +0.71+1.0 relative to the HED reservoir 
value (HEDR) determined for eucrites earlier [7].
2
 1
Diogenite Y74013
      Y74013  
l(Sm)=0.0079±0.0028 
  (142Nd)Earth=+0.26±0.08 
 T(rel to Y98)=4.59±0.05 Ga
Earth 
7 CHUR
 WR
 WR(r)
 l(Sm.  Y98)=0.0057±0.0005 
 c (142.N.       a)Ea„h=+0.11±0.04 
T(Sm-Nd)=4.54±0.04 Ga
 —1.1 Ga [2]. The sample most enriched in plagioclase 
(density <3.32  g/cm') also is  slightly displaced from 
th  reference isochron. Apparently,  radiogenic 40  .* 
was outgassed from plagioclase, the likely major host 
of K,  —1.1 Ga ago, but the Sr isotopic composition of 
plagioclase was little affected by this event. 
       Asuka Eucrites and Yamato Diogenite
 -1
+2
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 147smi144Nd 
Figure 4.  146Sm-142Nd isochron for Y-74013.
 146sm_142Nd isochron: 
   The  142Nd/144Nd data  are relatively imprecise 
due to the small quantities of Nd available for analy-
sis. Nevertheless, the  146Sm-142Nd data confirm an 
ancient age for Y-74013,  giving a value of  4.59±0.05 
Ga relative to the age of 4.54+0.04 Ga [8] for cumu-
late eucrite Y-980433 (Fig. 4). 
Rb-Sr Data: 
   The Rb-Sr data show significant isotopic reset-
ting (Fig. 5). The residues after  leaching of a bulk 
sample and separated  orthopyroxene, WR(r) and Opx 
(r), respectively, lie on a reference isochron deter-
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Figure 6. Mn-Cr  isochron for  Y-74013 compared 
to those of several eucrites. After  [10].
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 Figure 5. Rb-Sr isotopic data for Y-74013 compared 
 to that of Johnstown [9]. The Johnstown  age has 
 been adjusted to = 0.01402  Ga-l. 
 mined for the Johnstown  diogenite  [9], but the lea-
chates  WR(1) and Opx  (1),  respectively, are displaced 
towards higher Rb/Sr ratios. A tie-line between 
 Opx(1) and Opx(r) including the unleached bulk 
samples WR and WR2  Oyes an apparent  age of 
0.94±0.04  Ga, in agreement with the '9Ar/4uAr age of
Mn-Cr  lsochron: 
   Cr is strongly enriched over Mn in Y-74013 
compared to eucrites (Fig. 6) preventing a precise 
determination of a Mn-Cr isochron. Measured 
 "Cr/'-Cr in the  Y-74013 chromites is the same as for 
chromite from the Asuka 881394 unique magnesian 
 "eucrite"  [10]. The latter has been dated at 
4566.52±0.33 Ma by the  2()7Pb/206Pb method  [11]. 
Because of the low  ''Mn[2Cr ratio of the bulk 
 Y-74013  dim2enite, we are unable to say whether the 
 chromite formed contemporaneously with crystalli-
zation of the whole rock, or later during metamor-
phism. Nevertheless, our results verify that the dio-
genite formed during initial differentiation of the 
HEDPB, and before several eucrites, unless the 
        isochrons of the latter were reset =10 Ma 
after differentiation of the parent body (Fig. 6 and 
 [10]). 
Conclusions: Our results confirm that the 
 Y-74013-type granoblastic diogenites formed very 
early in solar system history. Their relationship to the 
apparently  younger diogenites Tatahouine and 
Johnstown  [9] is unclear, and is perhaps further evi-
dence of a multiplicity of HED-like differentiated 
parent bodies within the early solar system, including 
apparently a separate parent body  for  A-881394 [12]. 
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 INTRODUCTION The recently discovered 
 lherzolitic shergottite, Yamato (Y) 984028, 12.3 g 
and partially covered with a fusion crust  [1  ], initially 
formed and equilibrated at depth within the Martian 
crust. However, it contains evidence for its presence 
in the Martian regolith prior to its ejection to space. 
    The National Institute of Polar Research kindly 
provided a thin section (-9  mm2) and powder (20 
 mg) for this study. Here we report mineralogy, 
petrography, and whole-rock data of Y-984028, and 
its relationship to other lherzolitic shergottites. 
   PETROGRAPHY: Y-984028 consists of 
several coarse-grained textural zones (Fig. 1). 
Zones A and B are comparable to poikilitic and 
non-poikilitic lithologies in other  lherzolitic 
shergottites [2, 3]. Y-984028 also contains a 
breccia (Zone C), which has not been reported in 
other shergottites, and reflects a surface regolith 
forming process. Shock-induced fractures are 
pervasive throughout this sample; impact-melt 
pockets, up to 300  um wide, are concentrated in zone 
B. The vesicular fusion crust of Y-984028 is 
devitrified, and consists of numerous  dendritic 
olivines, and minor chromite grains similar to the 
fusion crust of NWA-1950 [4]. 
   Approximately 40% of the section (Zone A) is 
composed of a single pyroxene oikocryst, enclosing 
subhedral olivine (300-750  [tm), euhedral chromite 
(20-70  lim), and pyrrhotite (5-15  !Am, located near 
the oikocryst rim). Zone B resembles an 
 orthocumulate, which comprises euhedral-subhedral 
Fe-rich olivine (200-700  gm) and intercumulus 
pyroxene + maskelynite. Euhedral chromites (5-15 
 !dm) occur as inclusions in olivine and as interstitial 
phases. Minor pyrrhotite (5-20  pm), ilmenite, and 
merrillite (both up to 300  [tm in length) are closely 
related, and are also present as interstitial phases. 
    Zone C is a breccia that accounts for  —15% of 
this section. Angular olivine (20-200  pm), 
occasional pyroxene fragments (<100  !..tm), and 
Ti-chromite (up to 150  1..tm) are poorly sorted within 
a fine-grained matrix (Fig. 1). Minor amounts of 
alteration in this zone may be linked to Martian 
weathering. Breccias are not reported in other 
lherzolitic shergottites. 
   MINERAL CHEMISTRY: The pyroxene 
oikocryst is zoned from core  (Wo3_7En76_71Fs22.23) to 
rim  (Wo,3_36E1155_48FS22_16) (Fig. 2). Inter-cumulus 
pigeonite and augite in Zone B is  more Fe-rich and 
Ca-rich  (W04_38E11)3_65F  S73_16) than oikocryst 
compositions. Pyroxene compositions in poikilitic 
and non-poikilitic areas coincide with those reported 
for other  lherzolitic shergottites (Fig. 2). 
    Individual olivine crystals are homogeneous, 
but inter-mineral variations range from Fo74 to Fo66.
Figure  I: Combined MgKa-CaKa map of 
 Y-984028:51-3. Phosphates are in purple; oxides are 
in black. Pig = pigeonite. Aug = augite.  01  = olivine 
 (dark red olivine has high Mg). Msk = maskelynite. 
IM  = impact melt. 
High-Mg olivines  (Fo74_70) are found in the core of 
the pyroxene oikocryst, whereas those at the rim of 
the oikocryst have higher Fe-content  (Fo69_68), 
comparable to olivine in zones B and C  (Foos_66). 
Olivine in Y-984028 coincides with reported olivine 
characteristics and compositions in other lherzolitic 
 she gottites (Fig. 2)  — Y-793605 [5],  NWA-1950 [4] 
GRV 99027 [6], ALHA-77005 [7], and Y-000027 
(and paired stones) [3]. 
 Chromite grains within the poikilitic section 
(Zone A) contain lower  Ti02 (<2.7 wt  °A)) compared 
t  those in zone B (up to 15.1 wt %). Pyrrhotite 
di plays variable Ni-content ranging from 0.9-2.4 
AT %. High Ni-contents in pyrrhotite coincide with 
aximum values reported in several lherzolitic 
shergottites [8]. Elongated merrillite grains are rich 
in REE (up to 0.24 wt % Y203.). 
   BULK ROCK CHEMISTRY: The bulk 
composition of Y-984028 is similar to terrestrial 
picritic basalts and other lherzolitic shergottites 
(Table 1). This sample lies at the high Mg# and 
low  Na70 and  K,0 end of the  lherzolitic shergottite 
range, and is similar to average values of  Y-793605, 
ALHA-77005, and LEW-88516 (Fig. 3). Oxygen 
isotopes in Y-984028  (4170 =  0.218%0,  6170 = 
 2.24°/00, and  6180 =  3.84%0) place this sample within 
the range of other shergottites (Fig. 4). In detail, this 
sample has  4170 below the average value of Martian 
meteorites [9] and is similar to NWA-4767 and 
ALHA-77005.
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Figure 3: Bulk-rock  composition  of Y-984028 and 
other  lherzolitic  shergottites [8 &  references 
 therein!.
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Figure 2: Composition  of silicate minerals in 
Y-984028. Green  and  purple fields outline  other 
 lherzolitic  shergottites [8 &  references therein].
Table 1: Bulk-rock  major-element content in 
Y-984028, and  average compositions in other 
lherzolitic shergottites  [8].
Y-98 Y-79 NWA  LEW-8  N  W  A- ALHA
4028 3605 -4797 8516 1950 -77005
 Si02 43.9 45.4  41.6 46.2 44.0 42.6
 TiO2 0.32 0.29 0.40  0.37 0.55 0.47
 A1203 3.83 1.93 3.70  2.88 4.02 2.83
 FcO 18.3  19.2 19.8 19.5  21.7 19.8
 MnO 0.49 0.51 0.50 0.49 0.49 0.46
 CaO 0.49 3.93 4.70  4.32 4.61 3.29
 MgO 27.1 26.7 25.6  24.6 22.9 27.8
 Nai0 0.30 0.30 0.55  0.51 0.82 0.46
 K20 0.03 0.02 0.10 0.10 0.06 0.03
 P205 0.22 0.40 0.39  0.68 0.36
 Cr2O2 0.95  1.07 1.01  0.88 0.97 1.01
total 100.3 99.3 98.3 100.3 99.1 98.8
CRYSTALLIZATION SEQUENCE: Petrographic 
and compositional relationships show that the 
crystallization sequence is: Chromite  —> Mg-rich 
olivine  (Fo7.4) + opx  olivine  (Fo7,_70) +  pigeonite 
  augite + olivine  (Fo69_6(,)  t Ti-chromite. 
    Late-stage crystallization formed interstitial 
 pyrrhotite,  ilmenite, and merrillite. The 
homogeneous olivine  grains are a result of 
sub-solidus re-equilibration. The breccia (zone C) 
cross-cuts  magmatic features and is linked to  regolith 
development on the Martian surface. 
    SUMMARY: The  igneous texture and 
mineral compositions in Y-984028 are similar to all 
other lherzolitic shergottites. Un-zoned olivines are 
similar to those in ALHA-77005, NWA-1950 and 
GRV-99027, but differ from moderately zoned 
olivine in LEW-88516, Y-793605, and Y000027 
groups. Overall, Y-984028 is possibly paired with 
ALHA-77005, GRV-99027, and Y-000027.
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Figure 4: Bulk-rock  oxygen isotopes in Y-984028 and 
 other  shergottites [9,10 &  references  therein]. 
 Sherg=  shogottite.  MFL =  Martian fractionation 
line. TFL = Terrestrial  fractionation line. 
    Crystallization ages in many lherzolitic 
shergottites are within error of each other and 
converge on a date of —180 Ma [8]. Several 
 lherzolitic shergottites have ejection ages  of  —3-4 Ma 
(Y-793605, ALHA-77005, LEW-88516; [8]). The 
similar crystallization and ejection ages, texture and 
composition of these lherzolitic shergottites suggests 
that they may originate from a common source [3]. 
Possible pairing of Y-984028 with these  lherzolites 
suggests a similar crystallization age. Inter-sample 
variations in texture, mineral abundances, and 
chemistry are ascribed to the stratigraphic position of 
the sample  [e.g. Y-000027 and paired stones in 3]. 
The presence of a breccia in Y-984028 is highly 
significant, and could signify the presence of a 
regolith component in the bulk sample. Some of 
this component may be of asteroidal origin, and 
could modify bulk-rock trace-element characteristics 
(especially Ir content). 
    References:  [I] Met. Newsletter 17 2008, NIPR. 
[2] Treiman  2004, Met. [3] Mikouchi & Kurihara 2008, 
Polar  Sci. [4] Gillet 2005. MaPS [5] Ikeda 1997, 
Antarct. Met. Res [6] Lin 2005, MaPS [7] McSween 
1979. Sci [8] Mars Met. Comp. http://www-curator. 
 jsc.nasa.gov/antmetimmc [9] Rumble & Irving, (2009) 
LPSC XL, #2293. [10] Clayton & Mayeda 1996, GCA
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Redox States of Geochemically-Enriched "Lherzolitic" Shergottites as Inferred from Fe 
Micro-XANES analysis. W.  Satakel, T. Mikouchi and M. Miyamoto Department of Earth
and Planetary Science, University of Tokyo, 
 (satake@eps.s.u-tokyo.ac.jp).
H ng , Bunkyo-ku, Tokyo 113-0033, Japan,
Introduction: 
 Lherzolitic shergottites are ultramafic rocks 
showing nearly identical mineralogy and ages within 
the group and supposed to have originated from the 
same igneous unit on Mars [e.g., 1,2]. They show 
intermediate abundance of LREEs and thus 
originated from the  geochemically-intermediate 
reservois having distinct trace element and isotopic 
compositions [e.g., 3,4]. 
 RBT 04262, NWA 4468 and NWA 4797 are 
recently discovered new shergottites that contain 
pyroxene oikocrysts enclosing chadacrysts of olivine 
and chromite, and petrographically similar to 
lherzolitic shergottites [e.g., 1-6]. Their geochemical 
studies revealed that they originated from 
geochemically-enriched reservoir(s) and are distinct 
from previously known  lherzolitic shergottites [e.g., 
7-9]. 
  In our earlier study  [10], we estimated redox states 
of both geochemically-intermediate and enriched 
"lherzolitic" shergottites to explore whether a strong 
correlation between redox state and LREE 
abundance is also observed for lherzolitic 
shergottites [e.g., 7-9]. We employed Fe-Ti oxide 
barometers, but the estimated results were too 
reducing probably due to disequilibrium of Fe-Ti 
oxides. We also determined  Fe3-7EFe ratios of 
kaersutite and ulvospinel in these samples by using 
the synchrotron micro-XANES analysis, but the 
obtained data did not show big difference between 
two sample groups. Therefore, in this study we 
analyzed those of maskelynite (shocked plagioclase 
glass) in shergottites by using the synchrotron 
micro-XANES analysis to compare redox states of 
three distinct geochemical sample groups.
Samples and methods: 
  We studied polished thin sections of three 
geochemically-enriched (NWA 4468, RBT 04262 
and NWA 1068) shergottites, one intermediate (ALH 
77005) shergottite and one depleted (Dar al Gani 
476) shergottite. We first observed them by an optical 
microscope, and analyzed them by electron 
microprobe. We also employed synchrotron radiation 
(SR) Fe-XANES analysis (BL-4A Photon Factory, 
KEK, Tsukuba, Japan) to measure  Fe31/EFe ratios of 
 maskelynite. The analyzed areas are about —5 urn in 
size. We used kaersutites with known  Fe/  VEFe ratios 
determined by wet chemistry as standards because 
they show a linear relationship between centroid 
energy positions of  XAN  ES pre-edge spectra and the 
 Fe'/EFe  ratio[11]. Based on the linear relationship, 
we estimated the  Fe'±/EFe ratio of analyzed samples.
Results: 
  Optical microscopy of analyzed samples shows 
that all the plagioclase phases are transformed to 
isotropic glass although there are small areas 
s ing partial recrystallization of plagioclase in 
ALH 77005. The maskelynite abundance in the 
an lyzed samples is generally 10-20% (Fig. 1). They 
usually show chemical zoning, but their chemical 
compositons are similar (around  An60_40). The  Fe0 
abundance in analyzed maskelynites shows some 
vari tions, but ranges from 0.2 wt % to 0.5 wt  % (Fig. 
1). 
  Fe-XANES results show that the  Fe3t/LFe ratio of 
NWA 4468 is estimated to be about 0.7-0.8. 
Maskelynite grains in both NWA 1068 and RBT 
04262 show slightly higher  Fe37/Fe ratios of 0.9-1.0. 
Dar al Gani 476 maskelynite is estimated to be about 
0.1-0.2. The pre-edge peak position of Dar al Gani 
476  maskelynite is clearly located at lower energy 
and estimated to be about 0.1-0.2 (Figs. 2-3). ALH 
77005 maskelynite shows an intermediate ratio 
compared to the other  geochemically-grouped 
samples and gives the  Fe''/IFe ratio of 0.4-0.5.
Discussion and conclusion 
  Our SR Fe XANES measurement of maskelynite 
sh ws much wider variations in  Fe3VEFe ratios 
compared to ulvospinel, giving a wide range from 
 0.1 to 1.0 for the analyzed samples. These variations 
ar  also  consistent with the geochemical-redox state 
relationship that geochemically-enriched samples 
show higher redox states. Because plagioclase 
usually crystallized earlier than ulvospinel in martian 
magmas.  Fe'f/EFe ratios of plagioclase should record 
earlier magmatic redox condtion. Thus, it is likely 
that NWA 4468 was derived from an oxidizing 
reservoir although its texture is similar to  lherzolitic 
shergottites [e.g., 1-6]. Since the abundance of Fe in 
maskelynite is low, it is required to analyze 
maskelynite by longer counting times by Fe-XANES 
to estimate their redox states more accurately. 
  This study demonstrates that  Fe37EFe ratios in 
plagioclase can offer useful information about the 
redox states of shergottites as previously shown in 
 [12]. We may be able to establish an oxybarometer 
by measuring  Fe'/EFe ratios in plagioclase that 
synthetically crystallizes under controlled redox 
condtions in the laboratory.
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Fig. I A-ray compositional map  snowing the 
distribution of Na within NWA 4468 
geochemically-intermediate  "lherzolitic"  shergottite. 
Maskelynaite is easily identified in this map as 
graysh zoned grains.
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Fig. 2. SR Fe-XANES spectra of maskelynite in Dar 
al Gani 476, ALH 77005,  NWA4468 and  NWA1068 
with standard kaersutites (KST: Kaersut,Greenland, 
 Fe3f/LFe=0.01 and  IKI:  Iki  Island,  Japan, 
 Fe2./LFe=0.93). The SR beam size was about 5  t.tm 
in diameter.
 7110  7112  7114  7115  7118  7120 
 Energy  (ev} 
Fig. 3. Enlarged portion of Fig. 2 in the energy range 
of  7110 eV  —  7120 eV, corrsponding to the pre-edge 
peaks. The pre-edge peak position was used to 
estimate the  Fe--/lFe ratios. The pre-edge peak shifts 
to higher energy in the order of Dag 476, ALH 77005, 
NWA4468 and  NWA1068, which matches their 
 geochemical nature.
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Rb-Sr ISOTOPIC STUDIES OF ANTARCTIC LHERZOLITIC SHERGOTTITE 
YAMATO 984028. C.-Y.  Shih', L. E. Nyquist2, Y.  Reese3, and K. Misawa4.  'Mail Code JE-23, 
ESCG/Jacobs Sverdrup, P.O. Box 58477, Houston, TX 77258-8477,  chi-yu.shih-1@nasa.gov; 
2Mail Code KR, NASA Johnson Space Center, Houston, TX 77058-3696, 
laurence.e.nyquist@nasa.gov;  3Mail Code JE-23, ESCG/Muniz Engineering, Houston, TX 
77058,  young.reese-l@nasa.gov., 4NIPR, Tokyo, Japan  (misawa@nipr.ac.jp).
   Introduction: Yamato 984028 is a Martian 
meteorite found in the Yamato Mountains of 
Antarctica. It is classified as a lherzolitic shergottite 
[1] and petrographically resembles several  other 
 lherzolitic  shergottites, i.e. ALHA 77005, LEW 
88516, Y-793605 and Y-000027/47/97 [e.g. 2-5]. 
These meteorites have similarly young crystallization 
ages (152-185 Ma) as enriched basaltic shergottites 
(157-203 Ma) [e.g.  6-11], but have very different 
ejection ages  (-4 Ma vs.  —2.5 Ma) [e.g. 11, 12], thus 
they came from different martian target crater areas. 
Lherzolitic shergottites have mg-values  —0.70 and 
represent the most mafic olivine-pyroxene cumulates. 
Their parental magmas were melts derived probably 
from the primitive Martian mantle [e.g. 13]. 
   Here we present Rb-Sr isotopic data for 
Y-984028 and compare these data with those obtained 
from other  Iherzolitic and olivine-phyric basaltic 
shergottites to better understand the isotopic 
characteristics of their primitive mantle source 
regions. Corresponding Sm-Nd analyses for 
Y-984028 are in progress. 
   Samples: Three pieces of Y-980459, weighing 
 —845 mg, were kindly allocated for the study by the 
National Institute of Polar Research of Japan. Two 
small chunks weighing  —51.6 mg were saved for 
Ar-Ar dating. Then, the sample was further crushed 
to grain size <149  gm. About 176 mg of the sample 
was taken as the bulk rock sample (WR). The rest of 
the crushed sample was sieved into two size fractions, 
149-74  !Am and <74  gm. Mineral separations were 
made from the coarser fraction sample  (-386  mg) by 
combinations of both magnetic and density 
separations. The non-magnetic plagioclase sample 
(Plag) and the most magnetic opaque-rich sample 
(MM) were separated by a Frantz magnetic separator. 
The  pyroxene and olivine samples were separated by 
density using heavy liquids of bromoform, methylene 
iodide and Clerici's solutions from the magnetic 
portion the the sample. At p>2.85-3.32 g/cm3, we 
obtained plagioclase plus  pyroxenc (Plag+Px). At 
p=3.32-3.45 g/cm3 and  p=3.45-3.55 g/cm3 we 
obtained pyroxene enriched samples  (Pxl and Px2). 
The olivine  (01) was concentrated in the density 
fraction p>3.55 g/cm3. Samples of WR,  Pxl, Px2 and 
MM were washed with 2N  FIC1 in a ultrasonic bath 
for 10 minutes. The Plag and MM samples were 
washed with  IN  HC. Seven acid washed bulk rock 
and mineral residues (r),  one unwashed WR sample, 
one bulk rock and one combined mineral leachate  (1) 
were analyzed for Rb and Sr using a Finnigan-MAT 
261 multi-collector mass spectrometer. The  87Sr/86Sr
results reported here were renormalized to the NBS 
987  standard  '7Sr/86Sr = 0.710250. 
   Rb-Sr Abundances: The  Cl-normalized Rb, Sr, 
Sm and Nd abundances of enriched basaltic and 
lherzolitic shergottites  arc summarized in Fig. 1. All 
the basaltic samples including three olivine-phyric 
samples (NWA 1068, LAR 06319 and RBT 04262) 
hav  higher abundances of these elements relative to 
the  lherzolitic shergottites by factors  2-10x. The Rb 
and Sr of Y-984028 plot within the  area defined by 
fiv   lherzolitic shergottites, consistent with its 
petrography  [1]. 
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Figure  1. Rb,  Sr, Sm and Nd 
 shergottites and  Iherzolitic 
sampl s are in solid red circles.
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Figure 2. Rh and Sr distributions in bulk and mineral separates of 
 lherzolitic shergottite  Y-984028. Yellow dotted samples are used in 
our preferred Rb-Sr isochron calculation. 
   Fig. 2 summarizes Rb and Sr results for the ten 
bulk rock and mineral separates. In terms of Rb and 
Sr distributions in Y-984028, the rock is composed of
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four main components,  Plag(r),  01(r), Px2(r) and a 
fourth component enriched in the mixed sample, 
Plag+Px(r). The Y-984028 Plag(r) sample contains 
123 ppm of  Sr, which is only  —1/3 of the Sr 
abundance in the plagioclase sample reported in 
Y-000097[9]. The Y-984028 01(r) and Px2(r) 
samples have the lowest Rb and Sr abundances 
reported among  lherzolitic shergottites. 
    Rb-Sr Isotopic System: The 57Rb/"Sr and 
''Sr/"Sr data for one unwashed bulk rock, seven 
acid-washed bulk and mineral  samples,  one bulk 
rock leachate and one combined mineral leachate 
from Y-984028 are shown in Fig 3. Excluding two 
leachates,  WR(l) and Leach, eight data form a linear 
array defining an isochronT=175±10 Ma for 
 'A.(57Rb)=0.01402  Ga-I and  l(Sr)=0.710379±0.000036 
(MSWD=8.8). Omitting the 01(r)  sample, the 
remaining seven  samples, shown by yellow dots in 
Fig 3, yield a better fit for  T=170±9 Ma and 
 I(Sr)=0.710389+0.000029 (MSWD=4.6). The 01(r) 
sample has the lowest Sr concentration and may have 
been susceptible to terrestrial contamination. The 
non-linear distribution of Rb and Sr for these mineral 
samples show that the isochron is not a mixing line. 
The Rb-Sr  isochon age represents the crystallization 
time of Y-984028, and is within the age  range 
(152-185 Ma) reported for the other four lherzolitic 
shergottites. 
    T-I(Sr) Correlation: Fig. 4 summarizes age 
and  I(Sr) data for five lherzolitic shergottites, 
represented by their error parallelograms. Most of the 
samples define specific times and  l(Sr) values which 
suggest that the lherzolitic shergottites originated 
from different magma flows over a time span of  —40 
Ma. The Y-984028 data overlap with the Y-793605 
data suggesting their parental magmas could have 
come from the same mantle source. 
    Fig. 5 summarizes age and  I(Sr) data for 
lherzolitic shergottites and enriched basaltic 
 shergottites including olivine-phyric shergottites. 
Although basaltic shergottites and lherzolitic 
shergottites crystallized almost  contemporaneously, 
their  I(Sr) values differ significantly.  Their source  57Rb/86Sr ratios calculated based on a  single-stage 
model differ by a factor of two. Source  ''Rb/"Sr 
ratios for lherzolitic shergottites were  —0.18, whereas 
those for basaltic shergottites were —0.36. Although 
olivine-phyric  shergottite RBT 04262 is 
petrographically indistinguishable from lherzoltic 
shergottite LEW  88516[14], the difference in their 
 I(Sr) values is considerable. 
   Conclusions:  The Rb-Sr isotopic study is 
 consistent with Y-984028  being, a lherzolitic 
 shergottite, as suggested by its petrographic 
description. The Rb-Sr isotopic system was not 
severely altered by terrestrial contaminants. 
Y-984028 crystallized  —170 Ma ago like most other 
lherzolitic shergottites. The source  '-Rb./'6Sr ratio for 
Y-984028 was  —0.18.
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 FiLiure 4.  1(Sr) and  age for  Iherzolitic shergottites.  Y-984028 data 
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 Fiuure  5.  l(Sr) and age  for  enriched basaltic  shergottites (blue 
circles) including three  olivine-phyric  shergottites  (green squares) 
and  lherozoltic  sheruottites (red diamonds). 
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Decomposed Pigeonite in Antarctic Ureilites and the Thermal History of the Parent 
Body. Hiroshi  Takeda' and A.  Yamaguchi, 'Dept. of Earth & Planet. Sci., Univ. of Tokyo, 
                                              2 (Chiba Inst. of Tech., Frontier Plasma Res. Center), National Inst. of Polar Res.
Introduction: 
   95 Antarctic ureilites were recorded among 240 
total ureilite samples [1]. All non-Antarctic 
ureilites described by Berkley et al. [2] contain 
pigeonite as a major pyroxene phase, and their 
compositions vary within a limited range. Antarctic 
samples extended their compositional ranges of 
minerals and pyroxene phases [3]. Augite-bearing 
ureilites [4] and pigeonite-orthopyroxene pair in 
magnesian ureilites [5], both found in Antarctica, fall 
outside the original definition of ureilites. We report 
occurrence of inverted or decomposed pigeonite in 
 Yamato-980110 and discuss thermal histories of the 
ureilite parent body.
Samples and Experimental Methods: 
   One PTS of  Yamato-980110,51-2 [6] from 
NIPR has been studied by an optical microscope and 
by Electron probe micro-analyzer (EPMA) at Ocean 
Res. Inst. (ORI) of Univ. of Tokyo, and at NIPR. 
The Area Analysis technique of the JEOL 8900 
EPMA at NIPR was used to obtain elemental 
distribution maps, from which mineral distribution 
maps were derived. Chemical compositions of 
minerals were analysed by EPMA, JEOL JCXA-733 
with WDS.
Results: 
   PTS  Y980110,51-2 shows a texture different 
from common ureilites. Carbonaceous and metalic 
materials at grin boundaries are not prominent in this 
PTS (Fig. I). Lath-shaped grapite plates are 
oriented along nearly one orientation. The presence 
of graphite has been confirmed by micro-lazer 
Raman spectroscopy.  Y-980110 contains three 
coexisting phases, orthopyroxene (Opx), inverted (or 
decomposed) pigeonite (Pig), augite (Aug) (diopside, 
Di), but textures and bulk Ca contents of inverted Pig 
are variable. Photomicographs (Fig. 1) and mineral 
distribution maps (Fig. 2) show that low-Ca 
pyroxene (Opx) contains blebby augite grains (Fig. 
3), but the texture is different from that of the 
Binda-type inverted pigeonite. Other larger grains 
of Opx and Aug originally grown with olivine are 
present, and some fine-grained ones of the 
decomposed Pig  are continuous. Pyroxene in 
 ALH82106 [4] has complex bebby texture similar to 
that  of  Y-980110. 
    Olivine compositions range from Fo88 to Fo89. 
Chemical compostions of pyroxenes are: 
     Opx:  Ca4.8Mg85.2Te9.9, 
    Pig (bulk):  Ca15Mg7iFei0, 
    Aug:  Ca38Mg56Fe6. 
The bulk Pig composition includes that of the blebby 
augite. Growth of Aug after the decomposition may
be responsible for increase of Ca contents more than 
that of the minimum stability field. The 
compositions of large individual grains of Aug and 
those of the blebby ones are not much different. 
These pyroxenes are more Mg-rich than three 
coexisting pairs of MET 78008 and  Y74130 [4], but 
are less than those  of  ALH 82106.
Discussion: 
   Mineralogical and chemical analyses of 
Antarctic ureilites [3] have shown it to be an 
especially important sample of the ureilite parent 
body. In order to show more examples we studied 
Asuka(A)-881989, A-881931 and  Yamato-980110 
and presented preliminary results at the Workshop of 
the Matsue Meteoritical Society Meeting [7]. We 
reinvestigated  Y-980110, because the texture at a 
glance looks like that of primitive achondrites. The 
different textures and the presence of decomposed 
pigeonite may require oxygen isotope study, but we 
accept the classification of the NIPR at present. 
   The pyroxene polymorphic pairs found in the 
Antarctic ureilites helped us to deduce their 
an ealing temperatures and cooling histories. 
Ureilite pyroxenes show no evidence of exsolution, 
even under TEM observation. This has been 
interpreted as evidence for rapid cooling following 
parent body break-up [8]. Therefore, discovery of 
decomposed pigeonite requires more interpretation. 
 Y-980110 ureilite contains no pigeonite, but Opx 
with blebby Aug. If this assemblage was originally 
pigeonite and decomposed to Opx and Aug, this is a 
rare example of inverted or decomposed pigeonite. 
There are many large Opx grains without blebby 
augite inclusions in this meteorite. Two coexisting 
pyroxene assemblages of Opx and Aug in  Y-980110 
is similar to those of  ALH82106, but the original pair 
in  ALH82106 is Pig and Aug, and no primary Opx 
was present.. The original pyroxene assemblage of 
 Y-980110 is three coexisting pyroxenes Opx-Pig 
—Aug. Originally, three coexisting pyroxenes grew 
at high temperature, then Pig decomposed to 
Opx+Aug at Pigeonite Eutectoid Reaction (PER) line 
[9, 10]. 
   The blebby augite in Opx suggests that this 
texture is not that of exsolution and inversion of a 
typical inverted Pig from Stillwater [9]. Therefore, 
it has been called decomposed Pig of the Kintoki-san 
type or the Binda-type [9]. The original Aug and 
Aug decomposed from Pig grew together at the 
temperature range of normal ureilites, until the 
break-up of the parent body. Therefore, this 
decomposed pigeonite is not a product of slow 
cooling and the absence of pigeonite is consistent 
with the rapid cooling after the break-up of the parent 
body.
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   Delaney and Printz  [11] concluded that the 
mineral assemblage of  ALH82106 is consistent with 
crystallization  at, or near, the  olivine-pigeonite 
-augite minimum point in the system olivine-silica 
-diopside. They  suggested that Y74130 and 
 ALH82106 duffer because of  mg-number effect on 
the crystallization of the  olivine-augiate-pigeonite 
 peritectic. 
 Y-9801  10 and  ALH82106 are distinct from other 
 groups, but their annealing at  high temperature is the 
same as the other ureilites. Because of their 
Mg-rich compositions, the  annealing took place 
above the PER line. Small amounts of carbon left 
at  grain-boundaries may be explained by more 
extensive reduction and is consistent with high 
mg-number of mafic silicates. These ureilites can 
be explained by a proposed model of the ureilite 
formation, as residues of  disequilibrium partial 
melting, by internal heating,  planetessimal-scale 
collision, and loss of Na-, Si-, K-rich partial melts 
 [12,  5]. 
   The oxygen isotope variations and mineral 
assemblages, in general can be explained by an 
impact or collision to an  internally hot planetesimal. 
The partial melts were removed  to2ether with 
escaped  volatiles, leaving residues of  M2-rich mafic 
minerals with  0-anomaly. Then, the body 
experienced prolonged  annealing and 
grain-coarsening at  high  temperature, and finally 
break-up by a collision. 
   Although many aspects of  Y-980110 are quite 
different from other ureilite  group. such proposed 
thermal history is still consistent with  mineralogy of 
 Y-980110.
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 Fig,. 1.  Photomicrograph of PTS  Y-980110,  51-2. 
The same area as that of  Fig. 2. Width: 10.3 mm.
 Fig. 2. Mineral distribution map of the  Y-980110 
ureilite. Ca concentrations:  High (blue)  Aug., 
medium(green) Opx, low (orange) Olivine.
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 Fig. 3.  Photomicroi, 
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2.  Width:  1.3 mm.
 3.  Photomicrog aph of a decomposed Pig grain 
 -980110,51-2. The Opx crystal is present below 
These grains are located at the lower  right of Fig.
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Carbon isotope variation of nano-molar carbonate and organic carbon in carbonaceous 
chondrites. S. Tsutsui, F. Kitajima and H. Naraoka, Dept. Earth & Planet. Sci., Kyushu Univ., 
6-10-1 Hakozaki, Higashi-ku, Fukuoka, 812-8581 Japan.
Introduction: 
   It is known that most carbon in carbonaceous 
chondrites are present as organic matter (reduced 
carbon) by up to —3 wt% in bulk composition, while 
carbonate (oxidized carbon) also occurs up to  —0.3 
wt% with  13C-enriched composition  (— +24 to  +80%o 
relative to  PDB:[1]). The carbonate has been 
observed in the matrix as well as chondrules as a 
secondary mineral through aqueous alteration  from 
other carbon-bearing materials on the meteorite 
parent bodies, although  such C-bearing precursors 
have not been clear yet. The  ''C-enriched species of 
organic matter as well as minor "exotic" components 
such as presolar graphite and SiC grains could 
contribute to the  13C-enriched distribution  [2]. For 
the Murchison meteorite (CM2), the different 
carbonate contents and isotopic compositions  [1], [3], 
[4] suggest a heterogeneous carbonate distribution by 
various formation processes. The detailed spatial 
examination can provide insights into processes of 
 carbonate formation as well as aqueous alteration. In 
this study, isotopic compositions of nano-molar 
carbonate and organic carbon from different textures 
are examined for carbonaceous chondrites.
Experimental: 
   Three CM2 chondrites (Murchison, Murray and 
 Asuka88  1  458) are used in this study. Powder 
samples of  —0.5 to —2.0 mg were prepared from the 
following three texture types by hand-drilling (0.4 or 
0.5 mm in diameter) under a microscope: 1) black 
area (mainly matrix), 2) white area (mainly  CAI 
and/or  chondrule), and 3) boundary area between  1) 
and 2). The samples were reacted at  25°Cfor  18 hours 
in an evacuated tube to extract  CO, from carbonate 
(calcite) with 100% phosphoric acid [5]. After 
cryogenic purification, its carbon and oxygen 
isotopic analyses were conducted by GC/IRMS (Gas 
 Chromatography/Isotope Ratio Mass Spectrometry). 
The residual sample was analyzed by Elemental 
Analysis/IRMS to determine  613C of organic carbon. 
For the developed isotope analysis, analytical errors  
(  1  n) of the  613C and  61'0 determination for 
working-standard CO2 gas  at  >  0.8nmol were ±0.3%0, 
 10.7%0, respectively. 
Results and discussion: 
 The carbonate content in Murchison ranges 
from 3 to 71 ppmC with the  613C value of +27 to 
 +52%0 (relative to VPDB) in this study. This range of 
carbonate content is lower than that of previous 
reports (80 to 2260 ppmC, [1] [3] [4]), while the  613C 
variation is larger than that of previous study (+32 to 
 +42%o  [1]). These results indicate different extent of 
aqueous alteration and/or higher heterogeneity of
precursor materials of the carbonates in a sub-mm 
scale. In spite of the large  613C variation, there is a 
general difference between three texture types as 
shown in Fig. 1. The carbonate in  CAI or chondrules 
seems 13C-depleted (—  +35%o in average) relative to 
that in matrix and boundary area (—  +42%0 in 
average). The  o13C value of the residual organic 
matter also varies widely from -22 to  -13%0. These 
results indicate a highly heterogeneous  613C 
dis ribution of carbon even in a sub-mm scale. 
Interestingly, the organic matter in the white regions 
is generally enriched in  13C, which compensate for 
13C-depleted carbonate. This isotopic relationship 
suggests that the carbonate carbon is derived from 
 13C-enriched component (probably carboxyl group) 
of the coexistent organic matter through aqueous 
alteration.
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Fig. 1.  613C variations of carbonate of each texture 
types of the Murchison meteorite 
Conclusions: 
   We have examined carbon isotope distributions 
of carbonate and organic matter in a sub-mm scale 
for three CM2 carbonaceous chondrites. Even though 
carbon isotopic compositions  are highly variable 
with respect to the textures, the  613C value of 
carbonate is generally correlated negatively with that 
of organic carbon. Such an isotope correlation 
suggests that  13C-enriched carbonate could be formed 
from 1'C-enriched components of organic matter 
during aqueous alteration on the meteorite parent 
body.
6 
    weighted average 
+34.8  +42.7%0 
white boundary 
zarbonate of each texture
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Introduction: 
    Formation process of chondrules in primitive 
meteorites is one of the important issues of early 
evolution of solid material. Recently, some amounts 
of igneous particles, possibly they are fragments of 
chondrules, are found in cometary object from 
samples of Stardust missions, which are thought to 
originate far from proto-sun  [1]. The formation 
process of chondrules, especially heat source and 
formation place in the primitive solar nebula, is still 
under debate. 
    Compound chondrules will have important 
information of the formation process of chondrules, 
because they clearly show that objects which have 
different degree of melting could exist very close 
distance at the time of chondrule formation. It have 
also been noticed that the size ratio of compound 
chondrule is not unity, and primary chondrules, 
which keep spherical shape. have  generally larger 
radius than secondary chondrule, which loses their 
spherical shape by sticking [2-3]. Thin section 
observation appears that some secondary chondrules 
show relatively higher liquidus temperature than 
primary chondrules [4]. It is highly unlikely that 
these features are accomplished by a single heating 
event. This information is important for  constraining, 
the formation model of chondrules. In this paper, we 
investigated the compound chondrules by combining 
X-ray CT, SEM, and EPMA observation in order to 
investigate the relation of radius ratio and chemical 
compositions of compound chondrules. 
Experiments: 
    X-ray CT observations are performed at 
 BL20B2, which is a bending magnet beamline of 
SPring-8, Japan. Pixel size of the X-ray beam 
monitor is 2.74  [tm and pixel number is 2000 
horizontal and 1312 vertical. The width of Filed of 
view is 5.5  mm, which is enough to observe 
compound chondrules inside meteorite chips. We 
analyzed 6 chips of 3 different classes of chondrites, 
Y-791717, Y-81020 (CO3), 2 chips of Allende 
(CV3) and 3 chips of Y-790448 (LL3). Compound 
chondrules in CT data are searched from 3 direction 
(x,  y, z direction) of each set of CT data, and radius 
ratio of constituent chondrules of compound 
chondrules are obtained from mean diameter of each 
three slice images of the chondrules parallel to the 
x-y, x-z and y-z plane. 
    After the CT observations, we observed some 
compound chondrules by making polished section as 
including both primary and secondary chondrules in
the polished surface. The boundary structure between 
the constituent chondrules is observed by SEM for 
the determination of compound structure, and 
 chemical composition of each chondrule is 
determined by EPMA. 
Results and discussions: 
   Figure 1 shows an example of the CT image of 
a compound chondrule in Y-790448 (LL3.1).
500  urn
Fig. 1 
A series of CT images of a compound chondrule in 
Y-790448 (LL3).  Upper left of the image shows 
whole slice  image of the sample, upper-right of the 
image is enlarged image of the compound chondrule. 
Lower-left shows the cutting line of the compound 
chondrule in the same image of upper-right, and 
lower-right is the cross sectional image along the 
 cutting line shown in lower-left of the image.
Three dark chondrules (black arrows) stick on the 
surface of a large bright chondrule from different 
directions. It is important that the primary  chondrule 
has larger radius and brighter contrast than 
secondaries. If the compound chondrule is formed in 
a  single heating event, the larger chondrule should be 
cooled slower than smaller chondrules, and 
consequently the larger chondrule should become a 
secondary chondrule. In addition, the contrast of CT 
data, which called linear absorption coefficient 
(LAC), of chondrules in meteorites shows bulk
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contents of Fe in silicate material. This compound 
chondrule clearly shows that the primary chondrule 
has higher Fe content, which indicates that the 
primary has lower liquidus temperature than the 
secondaries. If the primary has lower liquidus 
temperature than secondaries, the primary should 
melt longer than secondaries at the  time of cooling. 
So, chondrules which have lower liquidus 
temperature would likely become secondary. This is 
also inconsistent with the present structure, if they 
formed by a single heating event. 
   Figure 2 shows  BSE image of the compound 
 chondrule. The primary chondrule consists of barred 
pyroxenes, and secondary chondrules  1 and 2 (3 does 
not appear in this surface yet) are both porphyritic 
olivine-pyroxene chondrules.
constituent chondrules, is not important for the 
structure of compound chondrules. These results 
indicate that the structure of primary and secondary 
of compound chondrules did not arise from the 
difference of cooling rate and liquidus temperature of 
the chondrules. The most probable origin of the 
compound structure is that the chondrules are heated 
independently, and collide each other before the 
re-solidification of the secondary chondrules, if these 
compound chondrules were formed by sticking. We 
should determine the compound structure by SEM 
observation, to determine whether the compound 
chondrules actually formed by the sticking, in the 
future work. The results of these observations will 
provide strong constraints on the models of 
chondrule formation.
a
Fig.2 
BSE image of the compound chondrule shown in Fig. 
1. This image is the view from almost same direction 
of upper-right slice image of Fig. 1, but slightly 
upper portion.
Liquidus temperature calculated from the chemical 
composition, obtained by EPMA, of these chondrules 
is 1406.8 K, 1535.2 K and 1447.7 K, for the primary, 
secondary 1 and 2, respectively. This compound 
chondrule shows that liquidus temperature of the 
primary chondrule is around 40 to 130 K lower than 
secondary chondrules. This result supports the result 
of LAC based observation of X-ray CT of the 
compound chondrule. 
   This compound chondrule would not be a special 
case. Results of X-ray CT observations of compound 
chondrules in 6 chondrite chips are summarized in 
Fig. 3. It should be noticed that this diagram includes 
compound chondrules that are not precisely 
determined the structure by SEM observation. This 
diagram clearly shows that most of the secondary 
chondrules are smaller than their primary chondrule, 
independent of the chondrite class. In addition, the 
LAC ratio does not correlate with the primary and 
secondary structure. This means that the Fe content 
of chondrules, i.e. liquidus temperature of the
1, I,
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Fig. 3 
A diagram of distribution of radius ratio and LAC 
ratio of secondary to primary chondrule. Solid lines 
in the diagram show where the ratio becomes unity. 
Gray circles show the schematic image of size and 
relative contrast of primary and secondary 
chondrules in the CT image.
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Introduction: 
   Ureilites, which are classified as primitive 
 achondritc, contain olivine,  pyroxene, metal and 
oxide iron, and various carbon materials (diamond, 
lonsdaleite, graphite, disordered carbons)  [1-2]. 
Existence of lonsdaleite  suggests that the ureilites 
experienced intense shock induced by impact on its 
parent body. We investigated the 3D structure of 
ureilites by X-ray CT in order to observe the shock 
effects on the internal structure of ureilite. 
Carbonaceous material and iron (-oxide) veins in 
silicate materials  are easily observed by  SP-pCT with 
a few  pm resolution, and we can obtain fully 
digitized information of the 3D structure. There is no 
literature of shape and size of carbonaceous materials 
with the direct observation, though a number of 
structural observations of the carbonaceous material 
were performed. In addition, little is known about the 
formation process of iron veins inside the ureilites 
[3]. We can obtain important information of shock 
effect and formation process of these materials, 
which is valuable for the studies of formation process 
of ureilite by doing three dimensional observations.
Experiments: 
   We prepared 6  ureilites,  ALH 78019,  Y-791538, 
Haveroe,  Huges009,  Y-82100 and Goalpara.  The 
former 3 ureilites are observed by  SP-pCT at 
 BL20B2 and  BL20XU of  SPrin2-8, Japan. The 
 BL20B2 is a bending magnet bemaline and the 
 BL20XU is an X-ray undulator beamline. The pixel 
size of the X-ray beam monitor is 2.74  pm at 
 BL20B2 and 0.5  pm at  BL20XU, and the pixel 
number is 2000 horizontal and  1312 vertical. The 
latter 3 samples are observed by industrial X-ray CT 
installed at Osaka University. The pixel size is 10  !AM 
and horizontal pixel number is 1024. Obtained CT 
data is stored to HDD with 8 bit tiff image format. 
   After the X-ray CT observations, we analyzed 
carbonaceous materials of  ALH-78019,  Y-791538, 
Haveroe by micro-Raman spectroscopy. Small pieces 
of the ureilite  chip, around  100  pm, are set between 
the Al foils by pressing to 10 MPa. The small pieces 
are fixed on the surface of a side of the Al-foil by the 
 pressing, and we measure the sample on the Al foil 
after removing one side of the Al- foil. The samples 
are excited by  514.5nm Ar laser with 5 pm spot size, 
and the laser was set to be 0.2mW at the sample 
surface. The Raman spectrum of the sample was
obtained by a duplicate accumulation of signals of 60 
sec exposure. The effective wavenumber region is 
from 100  cm-' to 2100  cm-1, and wavenumber 
resolution is 2  cm-'. The sample was scanned by the 
laser from 3 to  10 points per each carbonaceous 
material.
Results and Discussions: 
Figure 1 shows CT images of ureilites with various 
shock levels. Top of the image is ALH 78019 and 
 Y-82100 (shock level : low), middle of the image is 
Y-791538 and  Hughes009 (shock level : medium) 
and bottom of the image is  Haveroe and Goalpara 
(show level : high).
Fig. 1: Slice images of ALH  78019 (top-left), 
Y-82100 (top-right), Y-791538 (middle-left), 
 Huges009  (middle-riv,ht), Haveroe (bottom-left) and 
Goalpara (bottom-right). White objects in the images 
are iron veins and dark objects (white arrows) are 
carbonaceous material. Shock level increases from 
the top to the bottom of the image. All images have 
same scale.
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It is clear that the iron veins become small as shock 
level increases. The ratio of surface area to the 
volume of bulk iron material is  1.38,  1.40 and 2.43 
for ALH 78019,  Y-791538 and Haveroe, respectively. 
Other 3 ureilites, Y-82100,  Huges009 and Goalpara 
also show the same tendency, though the CT data has 
less accuracy than the result of  SP-[tCT.
Fig. 2: Enlarged bird-eye's-view images of iron 
veins in  Y-791538 (upper) and  Haveroc (lower). Left 
hand-side is cut off image of  the samples including 
silicate materials, and right hand-side of the image is 
cut off image that shows only iron veins extracted 
from the CT data. Iron sheets of the Y-791538 show 
beehive structure and silicate materials are included 
inside the iron sheet. Tiny iron grains inside the 
Haveroe are connected three dimensionally.
   Figure 2 shows the three dimensional structure of 
the iron veins of Y-791538 and Haveroe. The upper 
image of Fig. 2 shows iron-oxide vein in  Y-791538. 
We can observe beehive structure of the iron-oxide 
sheets. Silicate materials in that meteorite are 
separated by the iron-oxide sheets. CT data of iron 
materials in Haveroe is obtained at  BL20XU, where 
the pixel size is 0.5  um, because iron grains are too 
small to resolve at the  BL20B2. In the case of 
Haveroe, the iron-oxide or iron-sulfide seems swarm 
of the tiny grains, around a few  um to 50  f.1.111. Most 
of the iron grains in Haveroe are three-dimensionally 
coupled each other. Thus, the result of CT 
observation shows that iron vein in ureilite becomes 
progressively finer, and the connectivity increases as 
shock level increases. The structure of iron grains 
might indicate that the highly shocked ureilites, such 
as Haveroe and Goalpara, might partially melted, and 
iron grains could connect each other.
Fig. 3: Three dimensional view of carbonaceous 
materials in  ALH 78019 (upper) and Haveroe (lower) 
of Fig. 1, viewing from two different directions.
Figure 3 shows three dimensional shape of largest 
carbonaceous materials of ALH 78019 and Haveroe 
(denoted by white arrows in Fig.  1). The radii of the 
carbonaceous material are 800 and 320  !dm, for ALH 
78019 and Haveroe, respectively. Thus, the size of 
the carbonaceous materials also gradually reduced as 
the shock level increases. The shape of carbonaceous 
material in ALH 78019 is very large and flat. In 
contrast, carbonaceous material in Haveroe is small 
and gauche. 
   The result of micro-Raman observation also 
shows correlation of the shock level, and good 
agreements with previous studies [4-5], even we 
adopted the non-destructive (non-polished) method. 
Intensity ratio of peaks at 1352 and 1538  cm-1 relates 
to the degree of graphitization of the carbonaceous 
materials. The ratio obtained by our observation is 
2.61, 1.94 and 1.13 for ALH-78019, Y-791538 and 
Haveroe, respectively. Both results of X-ray CT and 
micro-Raman observations of the carbonaceous 
materials also indicate that the carbonaceous matters 
are affected by impact shock, and would suffer 
compaction and  decrystallization. 
   Results of our investigations indicate that the 
characteristics of ureilites, such as shape of iron vein 
and size of carbonaceous material, are closely relate 
to their shock level.
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Introduction: 
   Enstatite (E) chondrites arc records of highly 
reducing conditions in the protoplanetary disk  [1]. 
Their major silicate is enstatite  (Fe0<1.0  %). They 
contain high amounts of FeNi metal and  the metal is 
Si-bearing, with more than 2 wt. % Si in the EH 
chondrites. They contain  Mg,  Mn, and Ca-bearing 
sulfides and the oxi-nitride  and nitride sinoite 
 (Si-A1,0) [2-4] and osbornite  (TiN,) [4], all indicators 
of highly reducing conditions. 
   An intriguing characteristic of E chondrites is 
that their whole rock oxygen isotopic compositions 
are similar to the Earth and Moon [5, 6]. However, 
less is known about the range of oxygen isotopic 
compositions of silicates in individual chondrules in 
the E3 chondrites. We have begun a detailed 
petrologic and high precision SIMS oxygen isotopic 
study of olivine and pyroxene in  chondrules from E3 
chondrites. Our goals are to (1) document the oxygen 
isotopic compositions of silicates in E3 chondrites, 
(2) explore the relationship between enstatite, the 
dominant mineral in  E3's, and the less common 
olivine and Fe-bearing pyroxene and (3) shed light 
on the origin of chondrules in E3 chondrites. 
Results: 
 Texture. Properties of chondrules in  E3 
chondrites have been described previously [6-14] and 
we reported limited oxygen isotope compositions of 
Fe-bearing silicates in E3 chondrites [14]. Here we 
focus on data from 9 chondrules and fragments in 
Sahara 97096, 8 in Y 691 (both EH3) and 5 from 
LEW 87223 (E3-annomalous). Sahara 97096 and Y 
691 were selected because they are among the most 
primitive EH3 chondrites  [15]. LEW 87223 was 
selected because it contains a high abundance of 
Fe-bearing pyroxene, generally rare in E3 chondrites. 
Chondrules were chosen to cover a range of  texture, 
mineral abundance and composition. 
  The chondrules studied include porphyritic 
pyroxene  (PP), porphyritic olivine—pyroxene (POP), 
porphyritic olivine  (PO) an unusually large (>4mm) 
barred olivine (BO) and an Al-rich chondrule. The 
prophyritic chondrules consist of low-Ca  pyroxene 
(generally enstatite) ± olivine (generally absent in 
most E3 chondrules) with albitic glass ± silica. Some 
chondrules contain Cr-bearing troilite. In a few cases 
nodules with assemblages of  troilite. Si-bearing 
metal ± oldhamite (CaS)  ± niningerite  (Mg,Fe,Mn)S 
are present. Olivine occurs as poikilitic inclusions in
enstatite, as large crystals (up to 200 surrounded 
by fine enstatite and albitic glass and silica (Fig.  1) 
and as BO. Of  the chondrules studied, two from 
LEW 87223  (C21 and C23; Fig. 2), one from Sahara 
 (C10) and a fragment from Y 691 contain Fe-bearing 
pyroxene. 
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Figure  2.  13SL  of  C23 from LEW 57223 showing Fe-bearing 
 pyroxene  (Fe-Pyx),  enstatite (En) and silica. En occurs on the 
chondrule edge and interior. Red circles show (-15 pm) SIMS 
 analysis points. 
  Mineral Compositions. Enstatite with 
 near-cndmember composition  (Fs  1) is dominant in 
most chondrules. Minor elements  MnO and  Cr703 
range from below detection (bd) to 0.6 and 0.8 wt. %, 
respectively.  Fe-bearing pyroxene has up to 12 wt. % 
 FeO, with up to 0.9  MnO and 1.8 wt.  % Cr203. 
 Fe-bearing pyroxene grains generally contain tiny
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(<1  1.1m) inclusions of Fe-metal and/or Fe-sulfide 
(Fig. 2). Some show areas of low-Fe enstatite 
associated with the metal blebs suggesting reduction 
of Fe. In a previous study [13] we used 
cathodoluminescence (CL) to identify three types of 
pyroxene in E3 chondrules. These include (1) pure 
(minor element-poor)  enstatite (blue CL), (2) minor 
element-bearing enstatite (red CL) and (3) 
Fe-bearing  pyroxene (no CL). Some chondrules are 
disequilibrium assemblages of all three types. C23 in 
LEW 87223 contains Fe-bearing pyx and pure 
enstatite (Fig. 2). 
  Olivine ranges from near pure forsterite  (Fa,i)  up 
to  Fail, with  MnO from bd to 0.5 and  Cr2O3 from bd 
to 0.7. Mesostasis is albitic with (wt. %) up to  — 68 
 Si0,, 18  A1,03, 9  Na70 and 5  CaO. Precise analyses 
are difficult to obtain due to micro-crystals and Na 
loss during electron probe analysis.
  Oxygen Isotopes. Oxygen isotope analyses were 
performed using the IMS-1280 at the University of 
Wisconsin using an  —15  p.m spot size on 
Multicollection FC mode [16]. On the oxygen 
3-isotope diagram individual  chondrules from EH3 
chondrites were shown to form a distinct cluster, not 
overlapping chondrules from 0 or C chondrites  [17]. 
Our data show that most E3 pyroxene plots on the 
terrestrial fractionation (TF) line similar to whole 
rock compositions (Fig. 3). However, some 
enstatite plots above the TF line, near the OC field. 
Most Fe-rich pyroxene, as in C23 (Fig. 2), plots on 
the TF line near the enstatite (Fig. 3, 4). Olivine 
shows a wide range of compositions with some 
plotting on the TF line and some ranging toward 
more  160 values forming their own mixing line 
parallel to but displaced from the CCAM line (Fig. 3). 
The large olivine in  C11 (Fig. 1) plots at high  A170 
values similar to the R chondrites (Fig. 3).
Discussion and Conclusions: 
  The oxygen isotopic compositions of silicates in 
E3 chondrules show a wider range than expected. 
Although most enstatite plots on the TF line near 
whole rock compositions, some plot above in the OC 
region of the 3-isotope diagram. Most Fe-bearing 
pyroxene plots on the TF line similar to enstatite, 
suggesting it formed locally in the EC region and 
was not transported from the OC or other 
chondrule-forming region. Thus, as displayed by 
other chondrite groups, oxidation conditions varied 
widely within the EC region. Olivine shows a range 
of  A170  (-4%o to  2.3%0). Many grains plot 
significantly below the TF line, forming a mixing 
line parallel to but distinct from the CCAM. The 
range of compositions and oxygen mixing behavior 
in E3 chondrules is similar to those in other chondrite 
groups, indicating similar chondrule-forming 
processes but in a separate nebular region. Presence 
of R chondrite-like oxygen in a large, possibly relict, 
olivine is perplexing and requires further exploration.
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Figure 3. Oxygen isotope compositions of  enstatite, Fe-pyx and 
olivine in E3 chondrules. Most enstatite and  Fe-Pyx plot along the 
terrestrial fractionation (TF) line similar to E3 whole rock. Some 
 enstatite plots near the OCs.  Olivine has a wider range, with  some 
forming a mixing line, parallel to but displaced from the CCAM. 
 Olivine in  CI  I (Fig. I) plots near R chondrites. 
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Figure 4. Oxygen isotopes in minerals in  chondrule 
87223. The Fe-bearing pyroxene (triangles) plot on 
near EC whole rock compositions. Some enstatite 
within the OC field.
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Introduction: 
    Eucrites are basalts or gabbros formed by a 
large scale melting that produced magma ocean 
—4.56 Ga ago. The parent body is widely accepted 
to be an asteroid 4 Vesta. After the formation, the 
eucritic crust experienced a complex history 
including global thermal metamorphism and impact 
events. Recently, Barrat et al.  [1] suggested that 
partial melting of eucritic crust significantly altered 
trace element compositions of eucrites. Yamaguchi 
et al. [2,3] found metamorphosed eucrites that 
experienced partial melting with the extraction of the 
melts. 
    Cumulate eucrites are coarse-grained gabbros 
mainly composed of low-Ca pyroxenes and 
plagioclase [4]. Cumulate eucrites may have 
developed in a very slowly cooling magma as in 
terrestrial layered intrusions. Some cumulate 
eucrites have complex post-crystallization history. 
Miyamoto et al. [5] suggested that Moore County 
experienced a reheating and rapid  cooling,. Not all 
cumulate eucrites have totally inverted pigeonites 
(e.g.,  Y791  195) [6] indicating rapid cooling. 
    We report petrology and geochemistry of a 
cumulate eucrite, Y980433, and compared with other 
cumulate eucrites to better understand their 
petrogenesis and post-crystallization thermal history. 
Y 980433 is paired with  Y980318, which has an old 
Sm-Nd age compared with other cumulate eucrites 
[7].
Samples and analytical techniques: 
   Polished thin sections (PTSs) of Y980433 were 
examined by an optical  microscope, scanning 
electron microscope (JEOL SEM  5900LV), and 
electron microanalyzer (JEOL JXA8200) at National 
Institute of Polar Research, Tokyo. Bulk 
compositions of pyroxene were determined by 
averaging 25-30 analyses using a broad electron 
beam (-30  pm in diameter). Phases of silica 
minerals were identified using a micro-Raman 
spectrometer (JASCO NRS-1000). We studied 
PTSs of Moore County and  Y791195 for 
comparison. 
    Three chips (-3 gram) were taken from 
separate locations of the main mass (Fig. 1), and 
were homogenized for chemical analyses. Samples 
(-0.3 gram) were analyzed using INAA (Tokyo) and 
ICP-MS (Brest). Analytical data from the two 
laboratories are generally consistent.
Results: 
    Y980433 is a large, unbrecciated cumulate 
eucrite (1498 g) (Fig.  1) paired with Y980318 (168.8 
g). This eucrite is composed of coarse-grained 
pyroxene and plagioclase (several mm in size) with 
inor amounts of tridymite, chromite, ilmenite, and 
Fe-FeS. This rock is shocked: plagioclase and 
py oxene show strong mottled extinctions, and 
contain lots of fractures and microfaults. Fine (— a 
few  Jim) grains of Fe-FeS are scattered throughout 
the PTSs.
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Figure  I.  Main mass of 
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    Low-Ca pyroxene is inverted to pigeonite that 
has thick (001)  (-30  jam thick) augite lamellae 
spacing  — several hundreds Between the (001) 
lamellae, there are thin (100) lamellae and fine blebs 
(< 10  jim). The exsolution and inversion texture of 
Y980433 and a paired rock, Y980318 are similar to 
those of Serra de Mage [7]. Pyroxene compositions 
are scattered between  Wo_1.6En5, to Wo46En37, and 
bulk compositions are  Wo9.0_,2.9E1147.2_48.3  (Mg'
molar Mg/(Mg+Fe)) = 53.6-55.7), more ferroan than 
Moore County and  Y791195. Plagioclase has 
limited compositions  (An90.8_87  2) as in normal 
 cumulate eucrites. 
   Chromite occurs as large grains closely 
associated with ilmenite (e.g.,  1.6 x 0.7 mm in size) 
and as fine (<20-30  lAm in size) precipitates in 
pyroxenes. Chemical compositions of chromite are 
generally rich in Ti  (Usn  4.8-26.1ChM61.6-72.3 for the fine 
chromites, and  Usp8.1_10.7Chm70.9_73.3 for the large 
chromite) (Fig. 3). In the large chromite the 
concentrations of Ti decrease slightly toward 
chromite crystals  (TiO2 = 3.93-2.83 wt%). The 
concentration of  Cr203 of ilumenite contacting 
chromite increases toward the boundary (0.05 - 0.30 
wt%). The textures and occurrences of oxide 
minerals in Y980433 are similar to those of highly 
metamorphosed eucrites and cumulate eucrites, 
Moore County and  Y791195 [8].
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Figure 3.  Chemical compositions of  spinels in 
cumulate eucrites and basaltic eucrites.
    Chemical analyses are preliminary. The REE 
data from three aliquots and from Brest and Tokyo 
are similar, and are CI x —2-7 with significant light 
REE depletions ((La/Yb)n = 0.4-0.6).
post-crystallization thermal history [5,8]. 
   Chemical compositions of spinel in cumulate 
ucrites are diogenites are low in Ti, and may record 
crystallization trends [e.g., 8,9]. However, spinel 
minerals in Y980318,  Y791195, and Moore County 
are Ti-rich chromites and occur as fine-grained 
precipitate in pyroxenes and in large crystals 
associated with ilmenites [8]. These textures are 
commonly observed in highly metamorphosed 
eucrites [2,10]. The chemical zoning of minor 
elements in these oxide assemblage imply 
disequilibrium processes. Thus, we suggest that 
these Ti-rich spinels are product of secondary 
reheating events. Ti-rich chromite may have 
crystallized from melts formed during high 
temperature metamorphism  [11]. This 
interpretation agrees with Miyamoto and Takeda [5] 
th t Moore County experienced a short reheating 
after slow cooling as well, as deduced from the 
Ca-profiles of augite  lamellae in orthopyroxenes. 
   The REE patters of Y980433 show significant 
depletions of light REEs compared to normal 
cumulate eucrites. Since we have analyzed aliquots 
from homogenized large mass (totalling  =10 gram), 
unrepresentative sampling (i.e., oversampling of 
plagioclase) is unlikely. It is tempting to speculate 
that Y980433 experienced partial melting and the 
ex raction of melts as residual eucrites [8]. We will 
evaluate the various models in order to explain the 
LREE depletions.
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Discussion: 
    Cumulate eucrites crystallized in a magma 
chamber deep in the crust evidenced by 
coarse-grained textures and exsolution, inversion, 
and decomposition textures in pyroxenes [4]. 
However, detailed petrologic observation indicates 
that some cumulate eucrites experienced complex
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     Introduction: 
     Alkali-rich igneous fragments were found in 
brecciated LL-chondrites,  Krahenberg (LL5) [1], 
Bhola (LL3-6) [2], and Yamato-74442 (LL4) [3,4]. 
 Krahenberg and Bhola contain large, cm-sized 
fragments with high abundances of K  (x-12), Rb 
(x-45), and Cs  (x-70) relative to LL chondrites, 
while concentrations of the rare earth elements 
(REEs) are chondritic  except for a negative Eu 
anomaly [5]. Because Na is  depleted 
 (-0.5xchondrite), the alkali-rich fragments are 
treated as K-rich fragments. On the basis of their 
bulk compositions including REEs, it is suggested 
that alkali differentiation of the fragments has 
resulted from an exchange between Na and K in 
feldspar via a vapor phase at the surface of their 
parent bodies [5]. 
     Rb-Sr isochron ages of the K-rich fragments 
in Krahenberg and Y-74442 are  4.662+/-0.014 Ga  [1] 
and  4.571+/-0.022 Ga [6], respectively (recalculated 
using decay constant of Rb;  1.402x10-ily-'). Ar-Ar 
ages of Krahenberg and Bhola are approximately 4.2 
Ga [7], suggesting that the fragments were formed in 
the early solar system and partially  degassed by the 
collisions at their parent bodies. 
     There are unsolved issues; when the K-rich 
fragments were formed and bracciated at their parent 
bodies, and how the alkaline element fractionation 
occurred. In order to establish mechanisms of alkali 
differentiation and formation of the fragments, we 
have undertaken mineralogical and petrological 
studies on K-rich fragments in Y-74442 and Bhola. 
     Results: 
     Mineralogical and  Peterological Studies We 
examined five thin sections (Y-74442, 101-3 and 
101-4; Bhola, USNM  #1805-5,  #1806-2, and 
#1806-3) and observed by a optical microscope and 
SEM (Fig. 1, 2). Both meteorites are composed of 
mineral fragments, K-rich fragments, and 
 chondrules. 
     In Y-74442, the K-rich fragments, a few 
millimeters in size, are composed of euhedral olivine 
and groundmass of brown glasses. The boundaries of 
fragments towards the host  arc sharp. Opaque 
minerals  (-10p.m in size), troilite, and dendritic 
chromite are observed in the groundmass of K-rich 
fragments. Dendritic pyroxenes  (-11.1m in size) are 
often observed as quenched crystals (Fig. 3). 
     In Bhola, the K-rich dark fragments, some of 
which are a few centimeters in size are composed of 
euhedral olivine, troilite and groundmass of brown 
glasses. While troilite, chromite, and quenched
pyroxenes are also observed, Fe-Ni metal and 
phosphate  are confirmed in the groundmass of  Bhola. 
Around the Fe-Ni metal grains and troilite, melt 
pockets are often confirmed (Fig. 4). The olivine 
grains in the K-rich fragments of Bhola are often 
cracked. Thin  (-10pm) cracks extending over several 
mm in one direction through the fragment are 
sometimes filled with troilite. 
     Chemical Compositions  EPMA analysis 
in icated that the Fe/(Fe+Mg) ratios of the olivine in 
the K-rich fragments of Y-74442 are 25.2-30.2; they 
are within the compositional range of LL-chondrites 
[8]. Plotting compositions of major constituent 
materials of Krahenberg, Bhola, and Y-74442 on a 
Na+K+Al-oxides, Ca+Mg+Fe-oxides, and  5i02 
diagram, they are overlapping (Fig. 5). 
      Discussions: 
    The optical microscope and SEM 
observations indicated that the fragments were 
formed by melt recrystallizaion and quench, however 
it is not defined when the fragments enriched in K. 
The melt pockets and troilite veins in Bhola 
suggested that K-rich fragments experienced weakly 
shock (shock stage 3) [9]. Similarities of texture and 
composition of the K-rich fragments in Y-74442 and 
Bhola suggests that the fragments are genetically 
related, and that they may be the same origin. Thus 
the K-rich fragments may be not formed by local 
mechanism but by extensive one. 
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Fig. 1 K-rich fragment  in  Y-74442, 101-3.
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Fig. 3 BSE image of K-rich fragment in Y-74442.
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Fig. 4 Melt pocket around Fe-Ni metal grains and 
troilite of K-rich fragment in Bhola.
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Introduction: 
   A new antarctic meteorite Yamato 980175 
(Y980175) was found at Yamato mountain in 
Antarctic on  1998. Preliminary studies [1] suggested 
that the meteorite was defined as CV chondrite. CV 
chondrites were divided into oxidized and reduced 
subgroups according to the Ni concentration of their 
sulfides and their modal abundance of metallic Fe, Ni 
and magnetite [2]. Recently, Krot et  al. [3] proposed 
that CV chondrites were divided into three subgroups, 
reduced, oxidized Allende-like  (CV„,A), and oxidized 
Bali-like  (CV),13) (Table  1). In order to decide the 
subgroup of  Y980175, we studied the mineralogical 
and petrological features of the  meteorite. 
Experimental procedure: 
   The sample in this study was a polished thin 
section. The surface of the sample was coated with 
carbon film. The  petrolo2ical and mineralogical 
studies were performed by an optical microscope, a 
scanning electron microscope (SEM, JEOL 
 JSM-5900LV), and an electron microprobe analyzer 
(EPMA, JEOL JXA-8200) at National Institute of 
Polar Research.
Results and discussion: 
 Y980175 consists of chondrules, 
calcium-aluminum rich inclusions,  (CAIs), amoeboid 
olivine aggregates  (AOAs), and matrix. Most 
chondrules and  CAIs occur as fragments, suggesting 
that  Y980175 is breccia. The modal abundances of 
chondrules and  CAIs are —40 and  —10 vol%, 
respectively. 
   Most chondrules have porphyritic texture and 
they consist mainly of Mg-rich olivine and pyroxene. 
Some chondrules contain FeNi metal and FeS. In 
places, there are chondrules surrounding by rim 
showing igneous texture (Fig. 1). Olivine grains in 
chondrule show less Fe-Mg zoning. Olivine and 
pyroxene have not been replaced by fayalitic olivine 
 (--Fa50). Mesostasis in chondrule consists mainly of 
 Table 1. Features of CV chondrites and  Y980175  mc
Fig. 1: Back-scattered electron (BSE) image of a 
chondrule having rim showing igneous texture.
 glass having anorthitic composition. 
   Two large  CAIs (-1 mm in size) and many 
small  CAIs  (-10 -  --200  p.m in size) are found. Major 
minerals of large  CAIs are melilite and  spinel. It 
suggests that they are type A  CAIs [4]. Most small 
 CAIs are composed mainly of  spinel. 
   Some  AOAs are found. The size of  AOAs is < 
 --1 mm. Olivine grains in  AOAs have less Fe-Mg 
zoning. 
   The matrix consists mainly of  pm- to  sub-pm-
sized anhedral grains. FeS grains are found in matrix 
(Fig. 2). There is no Ca, Fe-pyroxene in matrix. 
   In chondrule and matrix, fayalite grains  (—Fa95) 
are not found. 
   Krot et  al. [3] divided CV chondrites into three 
subgroups. Our study reveled that  Y980175 
meteorite has the following  mineralogical and 
 petrological features; 1) There is no fayalite  (--  Fa95), 
2) Olivine grains have no chemical zoning in 
chondrules and  AOAs, 3) There is no fayalitic olivine 
 (—Fa50) as alteration products of Mg-rich olivine and 
enstatite in chondrules, 4) Magnetite and pentlandite 
is rare in matrix and chondrules, 5) FeS grains occur 
in chondrules and matrix, 6) There is no Ca,
Features of CV chondrites and  Y980175 meteorite.
 Oxidized
 Allende-like  ((No\  5)Bali like  (CV0.10
Reduced  Y980175
Chondrule
 Fa^  alite(  Fa•) 
 Fe-Mg  zoning in olivine 
 Fayalitic  olivine  (  -Fa,.) as 
alteration products by Mg-rich 
 olivine  & enstatite
Matrix
Magnetite and  pentlandite 
       FeS 
 Ca.  Fe-pvroxene 
       Texture lath irregular irregular  irregular
present or abundant. -:absent or rare.
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Fe-pyroxene in matrix, 7) Matrix grains are small in 
size and not lath in shape. From these features of 
 Y980175, it is seemed that the meteorite is classified 
into reduced CV chondrite.
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Fig. 2: Back-scattered electron (BSE) image and five element (Mg, Ca,  S, Fe, and  NI) maps of a portion  of 
 Y980175 meteorite.
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